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This dissertation contains 4 chapters and 12 appendices.  Chapter 1 provides a general 
introduction to creating a procedural learning environment that can affect balance and functional 
outcomes.  Chapters 2 and 3 are written as two separate manuscripts for journal submission 
encompassing experiment 1 and experiment 2 respectively.  Chapter 2 is a case study that 
focuses on the effects of a divided-attention stepping accuracy task on an individual with an 
incomplete spinal cord injury, while chapter 3 focuses on the effects of a divided-attention timed 
stepping accuracy task on healthy older adults.  Chapter 4 provides a general discussion of a 
procedural learning environment and the affect on balance and functional outcomes. 
The appendices include a literature review on Procedural Learning and Gross Motor 
Skills, the consent forms approved by the Institutional Review Boards of Louisiana State 
University and East Carolina University, screening procedures, ankle weight strength testing and 
exercise positions, detailed divided-attention timed stepping accuracy task training procedures, 
standardized warm-up stretches, pretest data, posttest data, pretest and posttest group effects, 
regression analysis,  comparison of pretest and posttest data multiple t-tests, and rate of 
perceived exertion statistical analysis and training data. 
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For both healthy individuals and individuals at high risk of falling, certain environments, such as 
a dual-task situation, require more resources than others to prevent a loss of balance.  Stepping 
assessment tasks can be used to predict falls, and it has been suggested that impaired voluntary 
stepping may be a contributing factor to falls (Lord & Fitzpatrick, 2001).  In this research, a 
stepping task was used not as an assessment, but as a therapeutic intervention.  The purpose of 
this research was to determine how training with a task that provides a procedural learning 
environment can affect balance and functional outcomes.  The divided-attention timed stepping 
accuracy task required participants to step to and from 16 targets in a random order as quickly 
and accurately as possible.  The physical stepping task was performed simultaneously with a 
cognitive information-processing task that involved attending to verbal cues to determine the 
next target while visually monitoring the environment to ensure accuracy requirements were met.  
Training sessions lasted approximately 30 min and were performed three times per week for 6 
weeks.  In experiment 1, a single-case experimental design, an individual with a 4 year history of 
an incomplete cervical spinal cord injury demonstrated improvements in balance, endurance, and 
functional tasks.  In experiment 2, a pretest, posttest control group design, healthy older adults 
aged 65 years and above had significant improvements in the areas of balance, divided-attention 
performance, functional task performance, endurance and strength.  In experiment 1, it was 
hypothesized that a procedural learning environment had been established and this was 
substantiated in experiment 2.  The results from experiment 2 indicate that strength and 
endurance may have accounted for some of the improvements seen, but there is sufficient 
evidence that much of the improvement could be accounted for by procedural learning.  In 
experiment 2, training resulted in simultaneous improvements in both the physical and cognitive 
xiii 
 
aspects of the task.  This research has immediate clinical applications and future studies may 
substantiate other potential clinical applications. 
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CHAPTER 1.  GENERAL INTRODUCTION 
One of the roles of a physical therapist is to assist clients to achieve the highest level of 
functional performance within their abilities.  This can involve re-learning functional activities 
that have been lost due to an injury or illness, maintaining current levels of function, and 
prevention of future loss of function.  Deficits in balance can place individuals at a high risk of 
falling and lead to a loss of function.  Physical therapists work to correct specific deficits that can 
contribute to balance loss and prevention of falling is of utmost importance when working with 
any individual with impaired balance.  For both healthy individuals and individuals at high risk 
of falling, certain environments require more resources than others to prevent a loss of balance.  
One such situation may be a dual-task situation where an individual is simultaneously 
performing two things, for example walking and carrying on a conversation.  Physical therapists 
provide a safe arena for their clients to practice in these challenging environments to reduce their 
risk of falling when faced with a similar real-life situation.  To be fully functional, not only is it 
important to be able to complete a specific task, but it is also important to complete the task in 
different environments, at different times during the day and as efficiently as possible.  Changes 
in efficiency can be seen when completion of the task takes less time, less exertion or a different 
movement strategy.  
An understanding of how motor skills are acquired can be helpful when establishing an 
environment to improve functional performance.  The motor skill acquisition theory developed 
by Fitts and Posner (1967) relates to acquisition of complex skills from an information- 
processing perspective.  Changes in motor skills can occur to a point where the procedures 
become more automatic and are performed more rapidly and with less risk of disruption from 
outside influences.  This autonomous stage reflects the automaticity of the skill and the low 
degree of attention required for task completion (Shumway-Cook & Woollacott, 2007).  With 
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automaticity, a task can be performed without interference from other mental tasks involving 
information-processing activities (Schmidt & Lee, 2005).  
At least for some skills, implicit learning is the basis for automaticity (Willingham & 
Goedert-Eschmann, 1999).  Motor learning, which has been defined as a set of internal processes 
associated with practice or experience leading to relatively permanent changes in the capability 
for motor skill (Schmidt & Lee, 2005), can be categorized as implicit or explicit.  Whereas 
explicit learning of a motor skill refers to the acquisition of information accompanied by 
awareness of the learned information, implicit learning of a motor skill refers to the acquisition 
of information without awareness of the learned information (Krebs, Hogan, Hening, 
Adamovich, & Poizner, 2001) and is observed through changes in skilled movement relative to 
some baseline performance (Boyd & Winstein, 2003).   
Procedural learning is a form of implicit learning where skill improves over repetitive 
blocks of trials (Krebs et al., 2001) and is defined according to Shumway-Cook and Woollacott 
(2001) as follows:   
Procedural learning refers to learning tasks that can be performed without attention or 
conscious thought, like a habit.  Procedural learning develops slowly through repetition 
of an act over many trials and is expressed through improved performance of the task.  
Procedural learning does not depend on awareness, attention, or other higher cognitive 
processes.  During motor skill acquisition, repeating a movement continually under 
varying circumstances typically leads to procedural learning.  (p. 30) 
According to Gentile’s (1998) theory of skill acquisition, implicit and explicit learning 
processes operate in parallel, change at different rates as a consequence of practice, and are 
differentially accessible to conscious awareness.  The first learning process is explicit and is 
directed towards attaining the action-goal, while the second learning process is implicit and is 
concerned with the dynamics of force generation.  The unconscious process involved in the 
dynamics of force generation are organized along optimization principles in that the dynamics 
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evolve towards minimization of some cost function, such as minimizing energy, time or the need 
for information.   
Based on these motor skill acquisition theories, it is ideal to establish an environment that 
engages clients in procedural learning enabling them to perform functional activities 
automatically.  Two motor learning areas of research that exhibit evidence of this are in the focus 
of attention and dual-task paradigms.  In the focus of attention paradigm, the instructions or 
feedback provided to learners can have a significant impact on motor skill learning (Wulf, 
McNevin, & Shea, 2001).  An internal focus of attention occurs when learners are directed to 
focus their attention on their body movements, whereas an external focus of attention occurs 
when learners are directed to focus their attention on the effects of their movements on the 
environment, for example on the apparatus or implement they are using (Wulf, McConnel, 
Gartner, & Schwarz, 2002).  The focus of attention paradigm has demonstrated that an internal 
focus promotes a constrained strategy, while an external focus promotes more automatic 
processes to control movement requiring little attention (Wulf & Prinz, 2001).  In the dual-task 
paradigm, it is assumed that attention capacity is finite.  Thus, if the capacity required for the 
primary task is low, then the capacity for the secondary task will be higher leading to faster 
responses.  If the primary task is very demanding, then the processing for the secondary task will 
be slow (Schmidt & Lee, 2005).  Rather than having two separate tasks, a situation can be 
established in which the cognitive demand is embedded into the mobility task such as in the 
Walking Trail Making Test (Alexander, Ashton-Miller, Giordani, Guire, & Schultz, 2005).  In 
the Walking Trail Making Test, participants are required to take accurate steps while 
simultaneously scanning the environment, paying attention and problem solving.  An increase in 
cognitive demand such as this can disrupt balance and walking and increase fall risk.   
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One such task that incorporates both focus of attention and dual-task characteristics is the 
divided-attention timed stepping accuracy task (DATSAT), which establishes an environment 
that engages clients in procedural learning.  During the DATSAT, participants perform multiple 
sets of stepping in response to verbal cues to step to and from 16 randomly-ordered targets 
located at 60% and 80% of maximal step length (MSL) in the anterior, posterior and lateral 
directions as quickly as possible.  Prior to each step, the participant must process three verbal 
cues that are given to identify a specific target e.g. left-blue-near represents stepping with the left 
foot into the blue segment and onto the near target.  After the first cue is given, i.e. left, the 
number of potential targets is reduced from 16 to 8; after the second cue is given, i.e. blue, the 
number is reduced to 2; and after the third cue is given, i.e. near or far, the specific target is 
identified.  In addition to attending to the verbal cues, participants are required to attend to visual 
cues for feedback to ensure that the accuracy component is met, all the while meeting the 
significant balance and force requirements necessary to perform the physical stepping task.  The 
instructions given to the participants maintain an external focus of attention while the task 
incorporates a significant information-processing component as seen in a dual-task situation.  
Although the DATSAT has a significant information-processing component, it differs slightly 
from tasks typically involved in a dual-task paradigm, which has two distinct tasks whose 
performance can be monitored separately.  The DATSAT may more accurately reflect a 
cognitive demand in which the dual-task component is embedded into the mobility task as in the 
Walking Trail Making Test.  
Stepping assessment tasks can be used to predict falls, and it has been suggested that 
impaired voluntary stepping may be a contributing factor to falls (Lord & Fitzpatrick, 2001).  
Although stepping assessment tasks may predict fall risk, stepping exercises alone have not been 
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investigated for use as an intervention to determine if fall risk may be reduced.  In the present 
study, the DATSAT was investigated as a therapeutic intervention.   
The purpose of this research was to determine how training with a task that provides a 
procedural learning environment can affect balance and functional outcomes.  This purpose is 
examined in two studies.  In the first experiment, a single-case experimental design, an 
individual with an incomplete spinal cord injury who exhibits decreased balance and functional 
performance trains on the divided-attention stepping accuracy task.  In the second study, healthy 
older participants practiced the DATSAT in a pretest, posttest control group design.  Fall risk 
increases with aging and although healthy older adults would not be expected to be at high risk 
of falling, they may exhibit some signs of balance deficits that could benefit from training.  
Additionally, information gained from a healthy older population may be used in the future to 
compare results to an older population with specific movement disorders.  
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CHAPTER 2.  EXPERIMENT 1:  THE EFFECTS OF A DIVIDED-ATTENTION 
STEPPING ACCURACY TASK ON BALANCE, FUNCTIONAL OUTCOME 
MEASURES AND STRENGTH IN AN INDIVIDUAL WITH AN INCOMPLETE 
SPINAL CORD INJURY 
 
Introduction 
One of the roles of a physical therapist is to assist clients to achieve the highest level of 
functional performance within their abilities.  This can involve re-learning functional activities 
that have been lost due to an injury or illness, maintaining current levels of function and 
prevention of future loss of function.  Deficits in balance can place individuals at a high risk of 
falling and lead to a loss of function.  Physical therapists work to correct specific deficits that can 
contribute to balance loss and prevention of falling is of utmost importance when working with 
any individual with impaired balance.  For both healthy individuals and individuals at high risk 
of falling, certain environments require more resources than others to prevent a loss of balance.  
One such situation may be a dual-task situation where an individual is simultaneously 
performing two things, for example walking and carrying on a conversation.  Physical therapists 
provide a safe arena for their clients to practice in these challenging environments to reduce their 
risk of falling when faced with a similar real-life situation.  To be fully functional, not only is it 
important to be able to complete a specific task, but it is also important to complete the task in 
different environments, at different times during the day and as efficiently as possible.  Changes 
in efficiency can be seen when completion of the task takes less time, less exertion or a different 
movement strategy.  
Based on the motor skill acquisition theories developed by Fitts and Posner (1967) and 
Gentile (1998), it is ideal to establish an environment that engages clients in procedural learning 
enabling them to perform functional activities automatically.  Motor learning can be categorized 
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as implicit or explicit.  Whereas explicit learning of a motor skill refers to the acquisition of 
information accompanied by awareness of the learned information, implicit learning of a motor 
skill refers to the acquisition of information without awareness of the learned information 
(Krebs, Hogan, Hening, Adamovich, & Poizner, 2001) and by observing changes in skilled 
movement relative to some baseline performance (Boyd & Winstein, 2003).  Procedural learning 
is a form of implicit learning where skill improves over repetitive blocks of trials and is defined 
according to Shumway-Cook and Woollacott (2001) as follows:   
Procedural learning refers to learning tasks that can be performed without attention or 
conscious thought, like a habit.  Procedural learning develops slowly through repetition 
of an act over many trials and is expressed through improved performance of the task.  
Procedural learning does not depend on awareness, attention, or other higher cognitive 
processes.  During motor skill acquisition, repeating a movement continually under 
varying circumstances typically leads to procedural learning.  (p. 30) 
Two motor learning areas of research that exhibit evidence of procedural learning are in 
the focus of attention and dual-task paradigms.  In the focus of attention paradigm, the 
instructions or feedback provided to learners can have a significant impact on motor skill 
learning (Wulf, McNevin, & Shea, 2001).  An internal focus of attention occurs when learners 
are directed to focus their attention on their body movements, whereas an external focus of 
attention occurs when learners are directed to focus their attention of the effects of their 
movements on the environment, for example on the apparatus or implement they are using 
(Wulf, McConnel, Gartner, & Schwarz, 2002).  The focus of attention paradigm has 
demonstrated that an internal focus promotes a constrained strategy, while an external focus 
promotes more automatic processes to control movement requiring little attention (Wulf & Prinz, 
2001).  In the dual-task paradigm, it is assumed that attention capacity is finite.  Thus, if the 
capacity required for the primary task is low, then the capacity for the secondary task will be 
higher leading to faster responses.  If the primary task is very demanding, then the processing for 
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the secondary task will be slow (Schmidt & Lee, 2005).  Rather than having two separate tasks, a 
situation can be established in which the cognitive demand is embedded into the mobility task 
such as in the Walking Trail Making Test (Alexander, Ashton-Miller, Giordani, Guire, & 
Schultz, 2005).  In the Walking Trail Making Test, participants are required to take accurate 
steps while simultaneously scanning the environment, paying attention and problem solving.  An 
increase in cognitive demand such as this can disrupt balance and walking and increase fall risk.   
One such task that incorporates both focus of attention and dual-task characteristics is the 
divided-attention stepping accuracy task, which establishes an environment that engages clients 
in procedural learning.  The divided-attention stepping accuracy task requires participants to step 
to and from 16 targets in a random order as quickly and as accurately as possible.  The physical 
stepping task is performed simultaneously with a cognitive information-processing task that 
involves attending to verbal cues to determine the next target while visually monitoring the 
environment to ensure accuracy requirements are met.  Thus, the divided-attention stepping 
accuracy task requires participants to divide their attention between the physical and cognitive 
areas.  The instructions given to the participants maintain an external focus of attention while the 
task incorporates a significant information-processing component as seen in a dual-task situation.  
Although the divided-attention stepping accuracy task has a significant information-processing 
component, it is unlike a dual-task paradigm which has two distinct tasks whose performance 
can be monitored separately.  The divided-attention stepping accuracy task may more accurately 
reflect a cognitive demand in which the dual-task component is embedded into the mobility task 
as in the Walking Trail Making Test.  
Stepping assessment tasks can be used to predict falls, and it has been suggested that 
impaired voluntary stepping may be a contributing factor to falls (Lord & Fitzpatrick, 2001).  In 
one stepping assessment task, the Rapid Step Test, participants stepped as fast as possible to at 
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least 80% of their maximal step length with either the left or right leg in the front, side, or back 
direction in response to a series of verbal cues from the tester e.g. left, front, right, side (Medell 
& Alexander, 2000).  During the test, the participants completed four steps in each direction with 
each leg for a total of 24 randomly-ordered repetitions.  An error was made if the participant lost 
balance, failed to return to the initial position, took multiple steps, or was noncompliant with 
direction or side.  Mean Rapid Step Test time was faster in the young versus the healthy older 
group and in the healthy older group versus the balance-impaired older group.  Although 
stepping assessment tasks may predict fall risk, stepping exercises alone have not been 
investigated for use as an intervention to determine if fall risk may be reduced.  In the present 
study, the divided-attention stepping accuracy task was investigated as a therapeutic intervention. 
Trauma to the spinal cord often damages fiber tracts which convey motor information 
from the brain to the spinal cord segments below the level of the lesion.  Motor impairments 
commonly include paralysis or weakness.  For an incomplete spinal cord injury, some nerve 
fibers may be spared and voluntary movement below the lesion may be preserved. The overall 
purpose of this research was to determine how training with the divided-attention stepping 
accuracy task, which is a task that provides a procedural learning environment, can affect 
balance and functional outcomes in an individual with a chronic incomplete spinal cord injury.  
Within this overall purpose, this study included five specific purposes.  The first specific 
purpose was to determine if divided-attention stepping accuracy task training results in 
improvements in balance tests.  It was hypothesized that the participant would show 
improvements in balance as measured by improvements on the Berg Balance Scale (BBS), the 
Functional Reach Test (FRT), and the Timed Up and Go (TUG).  The second specific purpose 
was to determine if divided-attention stepping accuracy task training leads to increased 
endurance as reflected on the 6-min Walk Test (6MWT).  It was hypothesized that the participant 
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would demonstrate improvements in the 6MWT.  The third specific purpose was to determine if 
divided-attention stepping accuracy task training leads to improved functional task performance 
including ambulating on level surfaces, and ambulating up and down curbs and ramps.  It was 
hypothesized that the participant would show improvements in these functional tasks.  A fourth 
specific purpose was to determine if divided-attention stepping accuracy task training would lead 
to increased strength as reflected by the isokinetic strength tests.  It was hypothesized that the 
participant would show improvements in the isokinetic strength tests.  A fifth purpose was to 
determine if divided-attention stepping accuracy task training would lead to an improved sense 
of well-being as reflected by the Medical Outcomes Study:  36-Item Short Form Health Survey 
(SF-36), a quality of life measure.  It was hypothesized that the participant would show 
improvements in SF-36 scores.   
Method 
Participant 
J.L. is a 51 year old male (1.78 m tall and weighed 86.18 kg) who sustained an 
incomplete C4-C5 cervical spinal cord injury secondary to a fall 4 years prior to participating in 
this study.  Cervical hyperextension was the mechanism of injury and an MRI revealed 
spondylitis at C4-C5 with a compromised spinal cord.  He underwent a C4-C5 anterior 
discectomy and graft with internal fixation 5 days postinjury.  Upon admission to an inpatient 
rehabilitation facility, J.L.had significant weakness of the muscles of his arms, legs, and trunk, 
and required maximal to total assistance for all self care and functional mobility.  J.L. 
demonstrated a remarkable functional recovery and upon discharge from inpatient rehabilitation 
8 weeks later, he was ambulating without an assistive device for up to half a mile on level 
surfaces with distant supervision.  In addition, J.L. was ambulating up and down stairs with 
distant supervision using a hand rail and walking on uneven surfaces and up and down curbs and 
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ramps with close supervision.  He continued with outpatient physical and occupational therapy 
for several months and has worked with a fitness trainer inconsistently since the injury.  J.L. did 
not participate in any formal exercise training for the duration of the study.  He is currently 
independent or modified independent with activities of daily living, ambulation on level surfaces 
without an assistive device, and driving without adaptive controls.  Prior to the injury, the 
participant was a floor manager at a casino.  He has not been able to return to this position due to 
continued deficits in hand dexterity and prolonged standing and walking.  J.L. volunteers at a 
hospital 2 days per week and he is an occasional smoker and social drinker.  With the exception 
of the spinal cord injury, other past medical history is insignificant. 
Performance Measures 
For all of the performance measures, the investigator provided guarding and physical 
assistance as necessary to minimize the risk of injury.  The balance tests included the BBS with a 
score based on a maximum of 56, the TUG with time measured in s, and the FRT with distance 
measured in in. and converted to cm.  The endurance test used was the 6MWT measured in m.  
Functional task performance included ambulating on level surfaces, and ambulating up and down 
curbs and ramps.  Strength testing was performed on the Biodex Pro System 3.  Isokinetic 
concentric strength measurements were taken at a velocity of 60 deg/s for bilateral knee flexion 
and extension and right ankle dorsiflexion and plantarflexion.  J.L. was initially positioned with 
his arms folded following the standard configurations as recommended in the User’s Guide with 
minor adjustments made as necessary.  After 5 warm-up/familiarization trials which 
progressively increased to 100%, J.L. performed five maximal recordings at 60 deg/s.  For the 
last warm-up trial and for the maximal recordings the instructions were, “pull up all the way as 
hard and as fast as possible, pull down all the way as hard and as fast as possible”.  J.L. was 
given a 2 min break between the warm-up and the maximal recordings and a 3 min break 
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between each maximal recording.  The average of the 5 trials was recorded.   To determine 
changes in J.L.’s sense of well-being, the SF-36 was used. 
Training Sessions 
The training sessions consisted of the divided-attention stepping accuracy task which was 
performed on the Functional Testing Grid®1 (Grid), which has concentric circles labeled 10 – 90 
representing the number of cm from the center (see Figure 1).  The Grid is divided into 12 color 
segments of which the 8 non-gray segments were used, one each of green, blue, red and yellow 
on each side.  These color segments are in anterior, posterior and lateral directions.  The 
participant’s starting position for the divided-attention stepping accuracy task was standing in the 
middle of the Grid with feet on opposing sides of circle 10.  For an identified target on the right 
side of the Grid, the right foot would be the stepping foot and for an identified target on the left 
side of the Grid, the left foot would be the stepping foot.  
For a complete set of the divided-attention stepping accuracy task,  J.L. was required to 
respond to verbal cues and to step to and from 16 targets, each of size 7.6 cm2, in a random order 
as quickly and as accurately as possible.  As J.L. was stepping towards a particular target, the 
next verbal cue was given.  The 16 targets were located on the 70 and 90 cm line of each non-
gray segment.  See Table 1 for a sample of the verbal cues of one complete set of the divided-
attention stepping accuracy task.  J.L. was informed that the goal was to, “Take a step with the 
assigned foot into the assigned color segment onto the assigned circle as accurately as you can 
and then step back to the starting position as quickly as you can.”  Further clarification was given 
to J.L. such as, “If the instructions are ‘left, blue, 70’ this means to step with your left foot into 
the blue segment, onto the 70 circle.”   
                                                 




Figure 1 Functional Testing Grid, EFI Medical Systems, Inc 
During the stepping task regardless of the target segment, J.L.’s trunk was to remain 
oriented forwards or slightly sideways.  The landing positions for the stepping foot were 
different depending on the segment.  For the anterior segments the foot was to land on the target 
line at the arch of the foot with the line dividing the foot into anterior and posterior portions.  For 
the lateral and posterior segments, the foot was to land on the target line with the line dividing 
the foot into left and right portions.  The experimenter provided J.L. with a visual demonstration 
and verbal explanation of the divided-attention stepping accuracy task including the correct 
starting position, stepping towards the assigned target, transferring weight to the stepping foot 
and then pushing back and returning to the starting position.  The weight shift on to the stepping 
limb was emphasized via increased knee flexion when landing on the target.  Maintaining at least 
part of the non-stepping foot in contact with the mat was also emphasized.  Following the 
demonstration by the experimenter, J.L. had a 16-trial practice session that involved stepping to 
both the 70 and 90 targets in each non-grey segment in a clockwise fashion. 
Left side Right side 
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Table 1 Sample Set of Verbal Cues from the Divided-Attention Stepping Accuracy Task 
Trial No. 
Verbal cues 
Foot Segment Distance in cm 
1 Right Blue 70 
2 Right Green 70 
3 Right Yellow 70 
4 Left Red 90 
5 Left Red 70 
6 Left Yellow 70 
7 Right Yellow 90 
8 Right Green 90 
9 Right Red 90 
10 Right Red 70 
11 Left Blue 90 
12 Left Green 70 
13 Left Yellow 90 
14 Left Green 90 
15 Left Blue 70 
16 Right Blue 90 
  
Each training session consisted of 6 sets of 16 randomly-generated repetitions with a 2 
min sitting break between sets.  The training was performed 3 times a week for 6 weeks with 
each session lasting approximately 30 min.  J.L. wore a gait belt while stepping on the Grid and 
was informed by the experimenter that, “I will be holding the gait belt loosely while you are 
stepping.  In the event that a fall is imminent, I will assist you to regain your balance.”  J.L. had 
practiced stepping on the Grid several times while in inpatient rehabilitation approximately 4 
years previously.  However, the practice had not been as formally structured as the divided-
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attention stepping accuracy task.  In between sets, the experimenter provided occasional 
feedback limited to generic comments such as, “that’s it, good job, and way to go”.   
Procedures 
Initial Procedures 
The initial procedures were completed prior to beginning the pretest.  J.L. read and 
signed an informed consent approved by the Institutional Review Board at Louisiana State 
University and completed the Physical Activity Readiness Questionnaire (Par-Q) prior to his 
participation.  Height and weight measurements were obtained.  J.L. was tested on discriminating 
left from right in 5 trials using his extremities e.g. raise your left arm.  In addition, he was 
required to stand in the center of the Grid and point and identify the green, blue, red and yellow 
colors on both sides of the Grid.  J.L. was asked to perform a 3-step command; He was handed a 
piece of paper and verbally given the following instructions:  “Hold this piece of paper, fold the 
paper in half, and place the paper on the table.” 
Testing Procedures  
J.L. completed three testing sessions at pretest, at posttest 6 weeks later, and at follow-up 
6.5 weeks after completion of the training.  J.L. was asked about his medications and a fall 
history from the previous 6-week period.  He completed a visual analog pain scale for his back, 
bilateral hips, knees and ankles, and the SF-36. 
Passive range of motion (PROM) measurements of J.L.’s lower extremities were 
obtained including bilateral hip flexion, hip extension, hip abduction, hip adduction, hip internal 
rotation, hip external rotation, knee flexion, knee extension, ankle dorsiflexion, and ankle 
plantarflexion.  Bilateral ankles were tested for clonus which is a cyclical, spasmodic alternation 
of muscular contraction and relaxation in response to sustained stretch of a spastic muscle 
(O’Sullivan & Schmitz, 2007).  Clonus is a sign of an upper motor neuron lesion which occurs 
17 
 
with a spinal cord injury and is commonly seen in the ankle plantarflexor muscles.  Sensation 
testing of the lower extremities including light touch, superficial pain and proprioception were 
assessed.  J.L.’s current functional status was attained by a combination of observation and self 
report including his ability to ambulate on level surfaces and ambulate up and down curbs and 
ramps.  The balance tests were then performed, the BBS, the TUG and the FRT, followed by the 
endurance test, the 6MWT.  J.L. was allowed short, sitting breaks of less than 2 min as needed 
during the testing sessions.     
Results 
J.L. demonstrated good left/right discrimination, good color discrimination and the ability 
to follow a three step command.  At pretest, J.L. was taking two muscle relaxants, baclofen and 
lorazepam, two anti-depressants, paroxetine and bupropion hydrochloride, and one pain reliever, 
celecoxib.  At posttest, the dosage for the paroxetine had been decreased and for the bupropion 
hydrochloride had been increased.  At follow-up, the dosage for paroxetine remained the same, 
and the bupropion hydrochloride had been discontinued.  The dosage for the other medications 
remained the same at posttest and follow-up.  In the 6 weeks leading up to the training, J.L. had 
experienced one fall from a rolling stool.  No falls were noted in the previous 6 weeks at posttest 
or follow-up.  J.L. experienced some pain fluctuations in his back and hips during the course of 
the study.  However, the pain did not prevent him from participating in the divided-attention 
stepping accuracy task training. 
In J.L.’s lower extremities, PROM measurements were within functional limits at pretest, 
posttest and follow-up.  During all three testing sessions, J.L. exhibited unsustained clonus at 
both ankles, although clonus was not visible during functional activities or the divided-attention 
stepping accuracy task.  Sensation testing in J.L.’s lower extremities indicated that superficial 
pain was intact throughout, light touch was impaired or absent throughout, and proprioception 
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was intact at both toes with the exception of the posttest when it was intact at the right toe, 
impaired at the left toe and intact at the left ankle.  
With regard to the balance tests, J.L. demonstrated improvements in the BBS and the 
FRT from pretest to posttest to follow-up.  J.L. improved from pretest to posttest in the TUG but 
worsened from posttest to follow-up.  For the endurance test, J.L. increased the distance 
ambulated during the 6MWT from pretest to posttest but decreased slightly from posttest to 
follow-up.  (See Table 2 for specific details from the balance and endurance tests.)  
Table 2 Balance and Endurance Test Results 
      







Follow-up       
Berg Balance Scale 42 51 + 9 53 + 2 
Timed Up-and-Go  (s) 8.45 7.95 - 0.53 9.21 + 1.26 
Functional Reach Test (cm) 25.40 33.02 + 7.62 34.29 + 1.27 
6 Minute Walk Test       
 Distance (m) 510 557 + 47 535 - 22 
 Velocity (m/s) 1.42 1.55 + 0.13 1.49 - 0.06 
Note.  Berg Balance Scale ranges from 0 to 56.  A lower score is indicative of increased fall risk.  
Timed Up-and-Go interpretation: < 8s no or very low risk for fall, 8-10s slight risk for fall, > 10s 
high risk for fall.  Functional Reach Test norm for age group 41 – 69 is 37.85 cm + 5.59 cm.  
 
 
During functional task performance at pretest, J.L. was ambulating independently on 
level surfaces up to 0.8 km, while ambulation up and down curbs and ramps required 
supervision.  At posttest and follow-up, J.L. was independent ambulating on level surfaces for 
unlimited distances and independent ambulating up and down curbs and ramps. 
As seen in Table 3, there did not appear to be any consistent isokinetic findings with peak 
torque.  Peak torque, the highest muscular output at any moment during a repetition, decreased in 
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right and left knee extension from pretest to posttest to follow-up.  Peak torque increased in right 
knee flexion from pretest to posttest to follow-up but decreased in left knee flexion from pretest 
to posttest to follow-up.  In right ankle plantarflexion, peak torque increased from pre to posttest 
and also in follow-up.  In right ankle dorsiflexion, peak torque decreased from pre to posttest but 
increased at follow-up.  J.L.’s sense of well-being fluctuated based on the SF-36 scores as seen 
in Table 4.  In general, the scores were well below normal values.  
Table 3 Isokinetic Peak Torque Test Results in N-m 
            








      
Knee extension 
     
 Left 113.20 91.61 - 21.59 86.11 - 5.50 
 Right 104.09 93.83 - 11.26 90.39 - 2.44 
Knee  flexion      
 Left 61.21 55.19 - 6.02 50.82 - 4.37 
 Right 53.51 65.90 + 12.39 69.45 + 3.55 
Ankle      
 PF Right 16.98 36.26 + 19.28 37.91 + 1.65 
 DF Right 14.81 9.93 - 4.88 17.44 + 7.51 
 
Discussion 
The overall purpose of this experiment was to determine how training with the divided-
attention stepping accuracy task can affect balance and functional outcomes in an individual with 
a chronic incomplete spinal cord injury.  Within this overall purpose, this experiment included 
five specific purposes.   
The first specific purpose was to determine if divided-attention stepping accuracy task 
training results in improvements in balance tests.  It was hypothesized that the participant would 
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show improvements in balance as measured by improvements on the BBS, the FRT, and the 
TUG.  The results for the BBS and the FRT partially supported the first specific balance tests 
hypothesis.  J.L. demonstrated balance improvements as a result of the divided-attention stepping 
accuracy task as reflected in the BBS and the FRT at posttest which not only were sustained, but 
continued to improve at follow-up.  The change in the BBS was particularly impressive 
conservatively reflecting a 50% decrease in fall risk.  For the FRT, J.L. increased his reach by 
7.6 cm from pretest to posttest and by a further 1.3 cm at follow-up.  At posttest, J.L. was now 
within the norms of his age range for the FRT.  According to J.L.’s scores on the TUG, his fall 
risk was reduced from a “slight risk” to a “low risk” of falling from pretest to posttest, but 
returned to a “slight risk” at follow-up.   
Table 4 Medical Outcomes Study:  36-Item Short Form Health Survey (SF-36) Scores 
SF-36 (0-100) Norms Pretest Posttest Follow-up test 
Physical functioning 84.2 25 40 40 
Physical healtha 81.0 ― 0 0 
Emotional problemsa 81.3 ― 0 0 
Energy/fatigue  60.9 50 55 30 
Emotional well-being 74.7 6 64 72 
Social functioning 83.3 62.5 62.5 75 
Pain 75.2 32.5 55 55 
General Health 72.0 55 50 80 
Note.  aSummary measures due to physical and mental health role limitations. Dashes indicate 




The second specific purpose was to determine if divided-attention stepping accuracy task 
training leads to increased endurance as reflected on the 6MWT.  It was hypothesized that the 
participant would demonstrate improvements in the 6MWT.  The results for the 6MWT 
supported this hypothesis.  Although J.L.’s walking velocity on the 6MWT at pretest was within 
normal limits to be a functional pedestrian in different environmental and social contexts, he was 
able to increase his walking velocity from pretest to posttest and sustain some of those 
improvements at follow-up.   
The third specific purpose was to determine if divided-attention stepping accuracy task 
training leads to improved functional task performance including ambulating on level surfaces, 
and ambulating up and down curbs and ramps.  It was hypothesized that the participant would 
show improvements in these functional tasks.  J.L.’s functional task performance improved from 
pretest to posttest and was sustained at follow-up which supported this hypothesis.  Following 
the divided-attention stepping accuracy task training, J.L. was now able to walk unlimited 
distances on level surfaces and walk up and down curbs and ramps independently.   
A fourth specific purpose was to determine if divided-attention stepping accuracy task 
training would lead to increased strength as reflected by the isokinetic strength tests.  It was 
hypothesized that the participant would show improvements in the isokinetic strength tests.  It 
was difficult to determine the effect of divided-attention stepping accuracy task training on 
strength and this hypothesis was not supported.  There were no general trends from pretest to 
posttest or posttest to follow-up with some of the scores increasing while others decreased.  
Given that J.L. had some abnormal clinical signs such as unsustained clonus, it is possible that he 
was not able to contract his muscles consistently during the isokinetic strength testing.  
A fifth purpose was to determine if divided-attention stepping accuracy task training 
would lead to an improved sense of well-being as reflected by the SF-36.  It was hypothesized 
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that the participant would show improvements in SF-36 scores.  J.L. did not show improvements 
in his sense of well-being as reflected by the SF-36, and this hypothesis was not supported by the 
results.  
Overall, J.L. demonstrated some very nice functional improvements that appeared to be 
based solely on practicing the divided-attention stepping accuracy task, although it is possible 
that the change in anti-depressant medications that occurred during the study may have impacted 
the results.  Apparently, the differences in the performance outcomes were not due to strength 
changes as reflected by the fluctuating isokinetic results.  Certainly the physical stepping 
component of the divided-attention stepping accuracy task has significant balance and force 
generation challenges that are not commonly seen in activities of daily living.  In fact, there 
appear to be only a few activities that commonly demand a large step such as walking up stairs 
two at a time, stepping over objects, standing up from the floor and getting in and out of a car.  
Thus, practicing a task that is more difficult than encountered in the regular environment should 
make it easier to perform those commonly seen activities.  Due to the large change from the 
starting base of support to the landing base of support, J.L. had to learn to accept the weight 
during the landing phase of the step and then coordinate the push off.  Subjectively, over the 
course of the intervention period, J.L. appeared to decrease the time it took him to complete each 
set, and the number of errors he made also appeared to decrease.  In addition, J.L.’s movements 
subjectively became much smoother particularly within the landing phase transition.   
The question becomes, what occurred for J.L. to show improvements in a variety of 
areas?  Because of the characteristics of the divided-attention stepping accuracy task, it was 
hypothesized that the task created a procedural learning environment, which is hypothesized here 
to have led to increased levels of functioning.  The information-processing component of the 
divided-attention stepping accuracy task demanded J.L.’s attention and the physical 
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improvements seen reflected an increased automaticity in the stepping component as a result of 
procedural learning. 
Conclusion 
The divided-attention stepping accuracy task and practice schedule resulted in improved 
balance scores on the BBS and the FRT, and improved endurance scores on the 6MWT in an 
individual with a 4-year history of incomplete cervical spinal cord injury.  In fact, according to 
scores on the Berg Balance Scale, the participant had an almost 50% decrease in fall risk at 
follow-up compared to pretest. Although the strength and sense of well-being results were 
inconclusive, the participant’s functional levels improved and resulted in increased levels of 
independence.    Overall, these results are particularly encouraging given that they occurred 4 
years after the injury and further examination of the divided-attention stepping accuracy task is 
warranted to determine its usefulness with other populations.  The divided-attention stepping 
accuracy task provides opportunities for multiple trials of variable practice to improve skill 
performance, can be modified as a home exercise program, requires only a small time 
commitment from the learner, and is a low cost training tool. 
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CHAPTER 3.  EXPERIMENT 2:  A DIVIDED-ATTENTION TIMED STEPPING 
ACCURACY TASK AS A PROCEDURAL LEARNING INTERVENTION IMPROVES 
BALANCE AND FUNCTIONAL PERFORMANCE IN HEALTHY OLDER ADULTS 
 
Introduction 
One of the roles of a physical therapist is to assist clients to achieve the highest level of 
functional performance within their abilities.  This can involve re-learning functional activities 
that have been lost due to an injury or illness, maintaining current levels of function and 
prevention of future loss of function.  Deficits in balance can place individuals at a high risk of 
falling and lead to a loss of function.  Physical therapists work to correct specific deficits that can 
contribute to balance loss and prevention of falling is of utmost importance when working with 
any individual with impaired balance.  For both healthy individuals and individuals at high risk 
of falling, certain environments require more resources than others to prevent a loss of balance.  
One such situation may be a dual-task situation where an individual is simultaneously 
performing two things, for example walking and carrying on a conversation.  Physical therapists 
provide a safe arena for their clients to practice in these challenging environments to reduce their 
risk of falling when faced with a similar real-life situation.  To be fully functional, not only is it 
important to be able to complete a specific task, but it is also important to complete the task in 
different environments, at different times during the day and as efficiently as possible.  Changes 
in efficiency can be seen when completion of the task takes less time, less exertion or a different 
movement strategy.  
Based on the motor skill acquisition theories developed by Fitts and Posner (1967) and 
Gentile (1998), it is ideal to establish an environment that engages clients in procedural learning 
enabling them to perform functional activities automatically.  Motor learning can be categorized 
as implicit or explicit.  Whereas explicit learning of a motor skill refers to the acquisition of 
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information accompanied by awareness of the learned information, implicit learning of a motor 
skill refers to the acquisition of information without awareness of the learned information 
(Krebs, Hogan, Hening, Adamovich, & Poizner, 2001) and by observing changes in skilled 
movement relative to some baseline performance (Boyd & Winstein, 2003).  Procedural learning 
is a form of implicit learning where skill improves over repetitive blocks of trials (Krebs et al., 
2001) and is defined according to Shumway-Cook and Woollacott (2001) as follows:  
Procedural learning refers to learning tasks that can be performed without attention or 
conscious thought, like a habit.  Procedural learning develops slowly through repetition 
of an act over many trials and is expressed through improved performance of the task.  
Procedural learning does not depend on awareness, attention, or other higher cognitive 
processes.  During motor skill acquisition, repeating a movement continually under 
varying circumstances typically leads to procedural learning.  (p. 30) 
Two motor learning areas of research that exhibit evidence of procedural learning are in 
the focus of attention and dual-task paradigms.  In the focus of attention paradigm, the 
instructions or feedback provided to learners can have a significant impact on motor skill 
learning (Wulf, McNevin, & Shea, 2001).  An internal focus of attention occurs when learners 
are directed to focus their attention on their body movements, whereas an external focus of 
attention occurs when learners are directed to focus their attention of the effects of their 
movements on the environment, for example on the apparatus or implement they are using 
(Wulf, McConnel, Gartner, & Schwarz, 2002).  The focus of attention paradigm has 
demonstrated that an internal focus promotes a constrained strategy, while an external focus 
promotes more automatic processes to control movement requiring little attention (Wulf & Prinz, 
2001).  In the dual-task paradigm, it is assumed that attention capacity is finite.  Thus, if the 
capacity required for the primary task is low, then the capacity for the secondary task will be 
higher leading to faster responses.  If the primary task is very demanding, then the processing for 
the secondary task will be slow (Schmidt & Lee, 2005).  Rather than having two separate tasks, a 
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situation can be established in which the cognitive demand is embedded into the mobility task 
such as in the Walking Trail Making Test (Alexander, Ashton-Miller, Giordani, Guire, & 
Schultz, 2005).  In the Walking Trail Making Test, participants are required to take accurate 
steps while simultaneously scanning the environment, paying attention and problem solving.  An 
increase in cognitive demand such as this can disrupt balance and walking and increase fall risk.   
One such task that incorporates both focus of attention and dual-task characteristics is the 
divided-attention timed stepping accuracy task (DATSAT), which establishes an environment 
that engages clients in procedural learning.  The DATSAT requires participants to step to and 
from 16 targets in a random order as quickly and as accurately as possible.  The physical 
stepping task is performed simultaneously with a cognitive information-processing task that 
involves paying attention to verbal cues to determine the next target while visually monitoring 
the environment to ensure accuracy requirements are met.  Thus, the DATSAT requires 
participants to divide their attention between the physical and cognitive areas.  The instructions 
given to the participants maintain an external focus of attention while the task incorporates a 
significant information-processing component as seen in a dual-task situation.  Although the 
DATSAT has a significant information-processing component, it differs slightly from tasks 
typically involved in a dual-task paradigm, which has two distinct tasks whose performance can 
be monitored separately.  The DATSAT may more accurately reflect a cognitive demand in 
which the dual-task component is embedded into the mobility task as in the Walking Trail 
Making Test.  
Stepping assessment tasks can be used to predict falls, and it has been suggested that 
impaired voluntary stepping may be a contributing factor to falls (Lord & Fitzpatrick, 2001).  In 
one assessment, the maximum step length (MSL) procedure, mean MSL scores were 
significantly higher in the healthy young group (range 109.2 - 111.8 cm) compared to the healthy 
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older group (range 91.4 - 94 cm) (Medell & Alexander, 2000).  Maximum step length has been 
shown to be highly correlated with the Timed Up and Go (TUG), the 6-min Walk Test (6MWT) 
and the Activities-specific Balance Confidence (ABC) scale.  In another stepping assessment 
task, the Rapid Step Test, participants stepped as fast as possible to at least 80% of their MSL 
with either the left or right leg in the front, side, or back direction in response to a series of verbal 
cues from the tester e.g. left, front, right, side (Medell & Alexander, 2000).  During the Rapid 
Step Test, the participants completed four steps in each direction with each leg for a total of 24 
randomly-ordered repetitions.  An error was made if the participant lost balance, failed to return 
to the initial position, took multiple steps, or was noncompliant with direction or side.  Mean 
RST time was faster in the young versus the healthy older group and in the healthy older group 
versus the balance-impaired older group.  Although stepping assessment tasks may predict fall 
risk, stepping exercises alone have not been investigated for use as an intervention to determine 
if fall risk may be reduced.  In the present study, the DATSAT was investigated as a therapeutic 
intervention.   
Healthy older adults were selected to participate in this study.  Fall risk increases with 
aging and although healthy older adults would not be expected to be at a high risk of falling, they 
may exhibit some signs of balance deficits that could benefit from training.  Additionally, 
information gained from a healthy older population may be used in the future to compare results 
to an older population with specific movement disorders.  To investigate the use of the DATSAT 
as an intervention task, a DATSAT training group was compared to a group that performed 
biking and leg strengthening exercises.  This latter group was included to control for the 
possibility that improvements in the DATSAT were due to cardiovascular and leg strength gains.  
The overall purpose of this study was to determine how training with a task that provides a 
procedural learning environment can affect balance and functional outcomes in a healthy older 
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population of adults aged 65 years and older.  Within this overall purpose, there were five 
specific purposes. 
The first specific purpose was to determine if DATSAT training results in improvements 
in balance tests.  It was hypothesized that the Stepping group, but not the Bike and Strength 
group, would show improvements in balance as measured by improvements on the Berg Balance 
Scale (BBS), the Functional Reach Test (FRT), the TUG, MSL and the ABC scale. 
The second specific purpose was to determine if DATSAT training results in 
improvements in divided-attention situations.  The dual-task TUG requires participants to 
perform a walking task while carrying a cup of water and the DATSAT requires participants to 
perform a stepping task while simultaneously processing verbal and visual cues.  It was 
hypothesized that participants in the Stepping group, but not the Bike and Strength group, would 
exhibit improvements in divided-attention situations as reflected by improvements on the dual-
task TUG and the DATSAT. 
The third specific purpose was to determine if DATSAT training leads to improved skill 
in unpracticed timed functional tasks, which included the 3-m walk backward test (WBT), the 
Five-Times-Sit-to-Stand-Test (5 x STS test), the five-repetition step up and down test (5 rep ↑↓ 
test), a floor to standing (FTS) test, and a tall kneel to half kneel to standing (KTS) test.  This 
improved skill would be demonstrated by several efficiency-related characteristics:  efficiency 
related to time; efficiency related to the Rate of Perceived Exertion (RPE) scale, and efficiency 
related to upper extremity movement strategies including the use of hands versus no hands to 
push up and sit down from a chair, the use of a handrail versus no handrail during step-up and 
downs, and the use of a support surface to transition from the floor to standing.  It was 
hypothesized that participants in the Stepping group, but not the Bike and Strength group, would 
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demonstrate decreased time completions, decreased scores on the RPE scale, and changes in 
movement strategies in these unpracticed timed functional tasks.   
A fourth specific purpose was to determine if bike training and DATSAT training would 
lead to increased endurance as reflected on the 6MWT.  It was hypothesized that participants in 
both the Stepping group and the Bike and Strength group would demonstrate improvements in 
the 6MWT and that these improvements would be similar. 
A fifth specific purpose was to determine if training with weights and DATSAT training 
would lead to increased strength as reflected by ankle weight and isokinetic strength tests.  It was 
hypothesized that participants in both the Stepping group and the Bike and Strength group would 
display improvements in the ankle weight and the isokinetic strength tests and that the Bike and 
Strength group would have greater improvements than the Stepping group. 
Method 
Participant Screening Procedures  
Community-dwelling healthy older adults aged 65 years and over were recruited from the 
greater Greenville, NC area.  Interested participants underwent a prescreening telephone 
interview followed by a more extensive in-person screening procedure.  Potential participants 
were excluded if they scored below 24 on the Mini-Mental State Exam, if passive range of 
motion (ROM) of the lower extremities and active ROM of the cervical spine were not within 
functional limits, if their reported height and weight led to a body mass index of 31 or greater, if 
80% of their MSL was greater than 90 cm, if there was a history or a current presentation of 
cardiopulmonary, musculoskeletal, neurologic, or other major systemic medical problems that 
prevented their participation in the study, and if there were significant deficits in orthostatic 
hypotension, vision and hearing.  Potential participants were also excluded if they scored less 
than four out of five on left/right discrimination trials, and if they were unable to correctly 
31 
 
identify the non-gray colors on the Grid.  (See Appendix C for further details on screening 
procedures).  
Participants 
Thirty community-dwelling healthy older adults aged 65 years and over were randomly 
assigned to either the experimental Stepping group (8 male, 7 female) or the Bike and Strength 
(10 male, 5 female) control group. The average age was 71.47 (SD 5.78) years for the Stepping 
group and 73.80 (SD 5.40) years for the Bike and Strength group.  The groups had similar levels 
of education, and similar body mass index levels with an average of 26.40 (SD 2.95) for the 
Stepping group and 26.01 (SD 2.94) for the Bike and Strength group.  All 15 members of the 
Stepping group were right footed as were 14 members of the Bike and Strength group.  
Participants were not aware of which group was considered experimental or control.  Eligible 
participants received $50 for completing the pretest and $50 for completing the posttest.  No 
reimbursement was provided for attending the training sessions.  All pretest, training, and 
posttest sessions were conducted in the physical therapy labs and hallway at the Health Sciences 
Building at East Carolina University.  
Performance Measures 
For all of the following performance measures, the investigator provided guarding and 
physical assistance as necessary to minimize the risk of injury. 
Balance Tests 
Balance tests included the BBS (with a score based on a maximum of 56), the TUG (with 
time measured in s), the FRT (with distance measured in in. and converted to cm), the ABC scale 
based on a maximum of 100%, and MSL in the forward, lateral, and backward directions and 




Divided-attention tasks included the dual-task TUG, the TUG performed while carrying a 
cup filled three-quarters with water, and the DATSAT.  The DATSAT was performed on the 
Functional Testing Grid®2 (Grid) which has concentric circles labeled 10 – 90 representing the 
number of cm from the center.  The Grid is divided into 12 color segments of which the 8 non-
gray segments were used, one each of green, blue, red and yellow on each side.  As can be seen 
in Figure 2, the color segments are in the anterior, posterior and lateral directions.  The starting 
position for the DATSAT was standing in the middle of the Grid with both feet inside circle 20, 
and a complete set of the DATSAT measured the ability to respond to verbal cues and to step to 
and from 16 targets, each of size 5 cm2, in a random order as quickly and as accurately as 
possible. The 16 targets were located at 60% (near target) and 80% (far target) of the 
participant’s average MSL in three - anterior, lateral and posterior – directions.  Each complete 
set of the DATSAT consisted of two half sets of 8 trials in each.  See Table 5 for a sample of the 
verbal cues of one complete set of the DATSAT. 
Video motion was captured with two Canon Digital Video Camcorders GL2 (Sports 
Motion, Inc.) using Sport Motion Pro-Trainer DV Software.  One camcorder was set up 3.0 m 
directly in front of the center of the Grid and the second camcorder was set up perpendicular to 
the first 2.82 m on the left side of the Grid.  From the video analysis, the time to complete the 
half sets was determined together with the number of test accuracy errors and movement errors 
for each half set.  Information from the two corresponding half sets was then combined for the 
three complete sets.  Test accuracy errors were recorded if the correct foot did not hit the 
assigned target on the first attempt.  Movement errors were recorded if participants took more 
                                                 
2 Functional Testing Grid, EFI Medical Systems, Inc 
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than one step to reach the target or to step back to the starting position, if they waivered 
significantly from the starting position, if they were unable to return to the initial starting 
position, or if they required physical assistance to regain their balance at any point during the 
task. 
 
Figure 2 Functional Testing Grid, EFI Medical Systems, Inc 
 
Functional Task Performance 
Efficiency Related to Time 
The following tests, (each timed in s), were used to assess efficiency as it related to time 
to perform the tasks:  The 3-m walk backward test (WBT), the Five-Times-Sit-to-Stand-Test (5 x 
STS test), the five-repetition step up and down test (5 rep ↑↓ test), a floor to standing (FTS) test, 
a tall kneel to half kneel to standing (KTS) test.  
Right side Left side 
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Foot Segment Distance in cm 
1 Right Blue 70 
2 Right Green 70 
3 Right Yellow 70 
4 Left Red 90 
5 Left Red 70 
6 Left Yellow 70 
7 Right Yellow 90 
8 Right Green 90 
9 Right Red 90 
10 Right Red 70 
11 Left Blue 90 
12 Left Green 70 
13 Left Yellow 90 
14 Left Green 90 
15 Left Blue 70 
16 Right Blue 90 
 
Efficiency Related to Rate of Perceived Exertion 
Participants reported their rate of perceived exertion (RPE) scores following the same 
unpracticed functional tasks as monitored in efficiency related to time. 
Efficiency Related to Upper Extremity Movement Strategies  
Participants were monitored to determine if they used 0, 1, or 2 armrests when standing 
or sitting in a chair; 0, 1, or 2 handrails when using the steps; or 0, 1, or 2 hands on a chair to get 




Participants performed one endurance test, the 6MWT, with distance measured in m.   
Strength Tests 
Two tests were used to assess the participants’ strength.  The first test assessed isokinetic 
concentric strength of ankle plantarflexion and dorsiflexion, knee flexion and extension, hip 
flexion and extension, and hip abduction and adduction by using the Humac Norm testing and 
rehabilitation system model (CSMi Medical Solutions, model 770).  All measurements were 
taken at a velocity of 60 deg/s using the participant’s right leg only in the following sequence:  
ankle plantar/dorsiflexion and hip extension/flexion in supine, hip abduction/adduction in 
sidelying and knee extension/flexion in sitting.  Participants were initially positioned following 
the standard configurations as recommended in the User’s Guide with minor adjustments made 
for each individual.  Prior to each maximum strength test, participants performed 5 warm-up 
familiarization trials in which they progressively increased their effort to end up with 100% 
effort for trial 5. After a 1 min rest, participants performed 5 maximum effort trials. 
The second strength test, the ankle weight strength test, assessed right lower extremity 
strength using ankle weights to determine a one repetition maximum (1RM) for six muscle 
groups:  ankle dorsiflexion, ankle plantarflexion, knee extension, hip abduction, hip extension 
and knee flexion.  (See Appendix D for positional information related to this test).  Participants 
commenced testing at a weight suspected to be close to the individual’s maximum.  Individual 
repetitions were performed at increasing resistances until no additional weight could be lifted 
with acceptable form.  The resistance prior to the loss of correct form was taken as 1 RM or 





All of the tests, with the exception of the isokinetic and ankle weight strength tests, were 
performed on day 1 as pretest to establish performance baselines for each test.  This testing took 
approximately 2 hr to complete.  Participants wore a gait belt for the MSL tests and the 
DATSAT and were guarded appropriately by the investigator during these activities and during 
all the testing and training procedures.  All participants reviewed and signed the informed 
consent forms approved by the Institutional Review Boards at Louisiana State University and 
East Carolina University (see Appendix B).  Official height and weight measurements were 
taken and the official BMI was calculated.  Footedness was determined along with the highest 
level of education completed.   
Maximum step length in the anterior, posterior and lateral directions was determined with 
participants asked to step out as far as they could with their right foot while keeping the left foot 
planted and then return to the initial position in one step.  Participants performed 3 trials of sub-
maximum steps in each direction before performing 3 MSL test trials in each direction.  The 
average MSL was determined based on the average of the 9 test trials.  Participants then 
completed the Physical Activity Scale for the Elderly (PASE) which took from 5-15 min to 
complete. 
The DATSAT was performed next and participants were given verbal and visual 
instructions to acquire an understanding of the task.  (See Appendix E for detailed DATSAT 
training procedures).  Participants were told to keep their body oriented forwards or slightly 
sideways for all the stepping directions and to keep their non-stepping foot in contact with the 
ground. They were informed to use just one step to step out and back to touch each of the 
assigned targets with any part of their foot.  Participants were informed that the goal was to 
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complete the task as quickly and as accurately as possible.  A test accuracy error occurred if the 
correct foot did not hit the assigned target on the first attempt.  A test movement error was 
documented if the participants took more than one step to reach the target or to step back to the 
starting position, if they waivered significantly from the starting position, if they were unable to 
return to the initial starting position, or if they required physical assistance to regain their balance 
at any point during the task.  Participants were then given two practice sessions of the DATSAT.  
The first session consisted of stepping to the near and far targets in each non-gray segment in a 
clockwise fashion.  The second session consisted of practicing the first complete set of the 
testing session.  The investigator provided feedback during the two practice attempts if errors 
occurred.  The investigator re-emphasized that participants were required to complete the 
DATSAT as quickly and accurately as possible as participants performed six half sets (3 
complete sets) of 8 trials in each set with an approximate 1 min break between each set.   
Following a 2 min break, participants completed the following in the same sequenced 
order:  BBS, 3-m WBT, 5 x STS test, FRT, TUG, 5 rep ↑↓ test, dual-task TUG, FTS test, KTS 
test, 6MWT.  Heart rate and oxygen saturation were monitored and participants were requested 
to report their RPE following each of these tests.  Following day 1 of pretest data collection, 
participants were randomly assigned to either the Stepping Group or the Bike and Strength 
group.  The participants returned on a second day for isokinetic and ankle weight strength testing 
which took approximately 1.5 hr to complete.  As a warm-up to the strength testing, participants 
performed 5 min of stationary recumbent biking at a leisurely pace.  Isokinetic strength testing 
was performed first followed by the 1 RM ankle weight testing.  
Training Sessions 
The training sessions began at least 1 day after the completion of the pretest procedures 
and participants in both groups were required to complete a total of 18 training sessions.  Most 
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participants had a schedule of 3 sessions per week for 6 weeks although a variety of schedules 
were used to accommodate individuals.  The sessions for the Stepping group lasted 30-45 min, 
while the sessions for the Bike and Strength group lasted 45-60 min.  Blood pressure, heart rate 
(HR) and oxygen saturation were monitored before and after the training sessions and 
participants reported their RPE scale for their respective exercises at the completion of the 
session.  At the beginning of the training sessions all participants performed a standardized 
warm-up consisting of riding a stationary recumbent bicycle for 5 min at a leisurely pace and 
completing a standardized stretching routine.  Five lower extremity stretching exercises 
conducted in the following order were performed bilaterally and held for 20-30 s:  hip adductor, 
hip flexor, ankle plantarflexor with knee extended, ankle plantarflexor with knee flexed, and 
quadriceps.  (See Appendix F for a description of the standardized warm-up stretches). 
Following the bike and stretching warm-up, the Stepping group performed 12 half sets (6 
complete sets) of the DATSAT.  The participants had an approximate 1 min break between each 
half set and they were given the choice of remaining standing or sitting down between sets.  
Following the standardized warm-up, the Bike and Strength group wore a HR monitor and 
pedaled a stationary, recumbent bicycle for 15 minutes at approximately 60% maximum HR 
calculated using the formula 220-age.  During the strength training, participants performed 1 set 
of 8 repetitions bilaterally of the following 6 exercises in order:  ankle dorsiflexion, ankle 
plantarflexion, knee extension, hip abduction, hip extension and knee flexion.  (See Appendix D 
for the ankle weight training positions).  The weights were set at 60% 1RM for weeks 1 and 2, at 
70% 1RM for weeks 3 and 4, and at 80% 1 RM for weeks 5 and 6.  Participants were instructed 
to take a count of 2 s to raise the weight and a count of 4 s to lower the weight and to inhale 
before the lift, exhale during the lift and inhale as the weight was lowered to the beginning 
position.  The Bike and Strength group performed 12 sets of 8 repetitions per session for a total 
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of 96 repetitions which is identical to the number of steps that the Stepping group performed 
during the DATSAT training sessions, 12 half sets of 8 trials each for a total of 96 steps.  
Posttest  
All of the performance tests, with the exception of the strength testing, were completed as 
posttests between 1 and 7 days after the end of the training sessions, with the strength testing 
performed on a different day.  In addition, participants were asked if they had noticed any 
changes or improvements as a result of this program.  Participants completed the ABC scale and 
MSL was determined as in the pretest procedures.   
The investigator reviewed the verbal and visual instructions for the DATSAT with both 
groups prior to the DATSAT posttest.  Both groups had a practice session that involved the first 
complete set of posttest DATSAT while the Bike and Strength group had an additional practice 
session consisting of a 16-trial session involving stepping to the near and far targets in each non-
grey segment in a clockwise fashion.  Feedback was provided to both groups as needed during 
the practice sessions.  The participants performed the DATSAT using 60% and 80% of the MSL 
determined from the pretest procedures.  Six half sets (3 complete sets) of the DATSAT were 
performed with an approximate 1 min break between sets. 
Following a 2 min break, the participants completed all the balance tests and timed 
functional tasks in the same order as performed during the pretest.  Heart rate and oxygen 
saturation were monitored after all of the balance tests and timed functional tasks together with 
the RPE.  The isokinetic and ankle weight strength tests were performed on a separate day and 
followed the same sequence as stated in the pretest procedures.  Most participants performed the 
posttest strength data collection after the first day of the remaining posttest data.  However, due 
to scheduling issues, several participants performed the posttest strength data collection on a day 




Analyses were conducted to determine differences between the Stepping group and the 
Bike and Strength group at pretest and from pretest to posttest and to determine differences 
within each group from pretest to posttest.  
Statistical tests to compare the treatment groups at pretest include ANOVA for 
continuous measures (e.g., age) and chi-square tests for dichotomous (e.g., gender) and 
categorical (e.g., movement strategy) measures. It was expected that few or no differences would 
emerge between the two groups at pretest. 
A one-way analysis of variance (ANOVA) was performed to ascertain if there were any 
differences between the Stepping group and the Bike and Strength group from pretest to posttest.  
To determine if there were differential changes between the two treatment groups from pre to 
posttest, ordinary least squares regression techniques were utilized. The regression model used 
the pretest score and the Stepping group, both independent variables, to predict the posttest 
score, the dependent variable.  The regression model calculated the unstandardized beta 
coefficients enabling the metrics to remain specific to each dependent variable.  Pre and posttest 
scores were assessed separately for each treatment group using bivariate tests.  Continuous data 
were analyzed using paired t-tests and McNemar tests were used for dichotomous outcomes.  All 
t-tests were two-tailed. 
Pretest Data 
Refer to Appendix G for the pretest data results.  With the exception of one measure of 
strength testing, there were no significant differences between the Stepping group and the Bike 
and Strength group at pretest.  Of the 14 strength testing results at pretest, only the Humac Norm 
dorsiflexion peak percentage of body weight (% BW) was significantly different between groups 
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with the Bike and Strength group exhibiting greater strength than the Stepping group F(1, 28) = 
4.873, p = .036. 
Pretest to Posttest Results 
Balance Tests 
The means and differences from pre to posttests for the balance tests are shown in Table 
6 together with the paired t-test results.  There were three significant group effects in the balance 
test category including time to complete the TUG F(1,27) = 4.624, p =.036, MSL in the posterior 
direction F(1,27) = 4.624, p = 0.41 and the mean MSL F(1,27) = 5.123, p = .032.  The regression 
analysis in Table 7 illustrates the magnitude of the effect in favor of the Stepping group 
indicating that from pre to posttest the Stepping group would expect to decrease TUG time by 
0.58 s, increase MSL in the posterior direction by 6.35 cm, and increase average MSL by 5.14 
cm compared to the Bike and Strength group.    
The paired t-test results showed that the Stepping group had significant improvements in 
the BBS score t(14) = -2.219, p = .044, in TUG time t(14) = 3.080, p = .008, and in MSL in the 
anterior t(14) = -5.067, p = < .001, lateral t(14) = -5.051, p < .001, and posterior t(14) = -4.087, p 
= .001 directions and in average MSL t(14) = -5.982, p < .001.  The paired t-test results showed 
that the Bike and Strength group had significant improvements in the MSL in the anterior t(14) = 
-2.905, p = .012 and lateral directions t(14) = -2.723, p = .016 (two-tailed) and in average MSL 
t(14) = -2.823, p = .014.  
Divided-attention Performance 
The means and differences from pre to posttests for divided-attention performance 
together with the paired t-test results for the dual-task TUG and the DATSAT time are shown in 
Table 8 while those for the DATSAT accuracy and movement errors are in Table 9.   
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Table 6 Balance Tests Means and Differences 
Balance Test  
Stepping Group  Bike and Strength Group 
 
Pretest Posttest Diff. p 
 
Pretest Posttest Diff. p 
BBS score  54.33 55.07  0.74 .044*  54.20 55.07 0.87 .054 
  (1.84) (0.80) (1.28)   (1.78) (1.28) (1.60)  
FRT (cm)   23.88 25.17 1.29 .236  25.65 26.70 1.05 .389 
  (6.53) (5.83) (4.06)   (5.02) (4.69) (4.55)  
TUG (s)  8.27  7.50 - 0.77 .008**  7.97 7.86 -0.11 .438 
  (1.31) (1.17) (.97)   (1.17) (1.11) (.52)  
MSL 
Ant (cm) 
 100.26 110.30 10.04 .000***  99.26 104.24 4.98 .012* 
 (10.01) (12.51) (7.68)   (13.26) (12.62) (6.65)  
MSL   94.01 103.25 9.24 .000***  95.16 100.57 5.41 .016* 
Lat (cm)  (10.84) (14.06) (7.09)   (10.28) (10.07) (7.69)  
MSL  93.79 103.20 9.41 .001***  94.84 97.68 2.84 .179 
Post (cm) 
 (13.44) (14.43) (8.92)   (11.67) (10.75) (7.77)  
MSL avg.  96.02 105.59 9.57 .000***  96.42 100.83 4.41 .014* 
(cm)  (10.23) (13.07) (6.19)   (10.78) 10.16) (6.05)  
ABC scale %  96.65  96.06  -0.59 .317  97.46 96.25 -1.21 .307 
  (4.25) (4.39) (2.21)   (2.60) (5.21) (4.43)  
Note. * = p < .05, **= p < .01; *** = p < .001. Standard deviations appear in parentheses below 
means.  Diff. = Difference.  BBS = Berg Balance Scale.  FRT = Functional Reach Test.  TUG = 
Timed Up and Go.  MSL = Maximum step length.  Ant = anterior.  Lat = lateral.  Post = 
posterior.  Avg. = average.  ABC scale = Activities-specific Balance Confidence scale.
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B SE Significance 
TUG (s) - 0.58 0.26 .036* 
MSL Posterior (cm)    6.35 2.95 .041* 
Average MSL 5.14 2.27 .032* 
DATSAT    
 Time 1 (s) - 12.28 2.60 .000*** 
 Time 2 (s) - 10.05 2.56 .001*** 
 Time 3 (s) - 8.79 2.31 .001*** 
 Average Time (s) - 10.17 2.26 .000*** 
 Accuracy Errors 1 - 1.32 0.57 .027* 
 Accuracy Errors 2 - 1.38 0.38 .001*** 
 Accuracy Errors 3 - 1.67 0.58 .008** 
 Avg. Accuracy Errors - 1.33 0.31 .000*** 
 Accuracy/Movement Error Avg. - 0.86 0.29 .006** 
DF % BW - 4.33 1.27 .002** 
Knee Flexion % BW - 4 .53 2.17 .046* 
Note. * = p < .05, **= p < .01, *** = p < .001. TUG = Timed Up and GO.  MSL = Maximum 
Step Length.  Avg. = Average.  DF = Dorsiflexion.  BW = Body Weight. 
 
There were no significant group effects in divided-attention performance on the dual-task 
TUG.  There were strongly significant group effects for divided-attention performance on the 
DATSAT task in all of the time conditions, time 1, F(1,27) = 22.255, p < .001, time 2, F(1,27) = 
15.403, p < 0.001, time 3, F(1,27) = 14.443, p < 0.001, and time averaged across the three 
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conditions F(1,27) = 20.214, p < 0.001.  There were significant group effects for all of the 
accuracy conditions, accuracy errors 1, F(1,27) = 5.448, p = .027, accuracy errors 2, F(1,27) = 
13.087, p = .001, and accuracy errors 3, F(1,27) = 8.229, p = .008, accuracy errors averaged 
across the three conditions F(1,27) = 17.987, p < .001.  In addition there was a significant group 
effect for the accuracy-movement error average score F(1, 27) = 9.045, p = .006. 




 Stepping Group  Bike and Strength Group 
 Pretest Posttest Diff. p  Pretest Posttest Diff. p 
Dual-task  9.80 9.67 - 0.13 .574  10.45 9.54 - 0.91 .011* 
TUG 
 (1.16) (1.27) (1.40)   (2.08) (1.50) (2.05)  
DATSAT 
          
 Time 1  53.11 35.77 - 17.34 .000***  58.97 50.57 - 8.40 .010** 
  (13.17) (7.85) (10.46)   (15.75) (10.53) (10.98)  
 Time 2  51.63  35.56 - 16.07 .000***  57.49 47.49 - 10.00 .003** 
  (12.94) (6.57) (10.08)   (12.46) (9.35) (11.04)  
 Time 3  50.53 34.86 - 15.67 .000***  58.33 46.73 - 11.60 .000*** 
  (13.14) (6.58) (10.67)   (13.87) (9.21) (9.52)  
 Time Avg.  51.76 35.33 - 16.43 .000***  58.27 48.27 - 10.00 .001*** 
  (12.60) (6.79) (9.55)   (13.68) (9.26) (9.64)  
Note. * = p < .05, **= p < .01, *** = p < .001. Standard deviations appear in parentheses below 
means.  Diff. = Difference.  TUG = Timed up and Go.  DATSAT = Divided-attention timed 
stepping accuracy task.  Avg. = Average. 
 
The regression analysis in Table 7 illustrates the magnitude of the effect in favor of the 
experimental group indicating that from pre to posttest the Stepping group would expect to 
decrease DATSAT time 1 by 12.28 s, decrease DATSAT time 2 by 10.05 s, decrease DATSAT 
time 3 by 8.79 s and decrease DATSAT time average by 10.17 s compared to the Bike and 
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Strength group.  The regression analysis also indicates that the Stepping group would expect to 
decrease accuracy errors 1 by 1.32, decrease accuracy errors 2 by 1.38, and decrease accuracy  
errors 3 by 1.67, decrease accuracy error average by 1.33, and combined accuracy and movement 
error average by 0.86 compared to the Bike and Strength group. 
The paired t-test results showed that the Stepping group had significant improvements in 
all of the time conditions, time 1, t(14) = 6.424, p < .001, time 2, t(14) = 6.252, p < .001, time 3, 
t(14) = 5.687, p < .001, in overall time average, t(14) = 6.662, p < .001, in number of errors for 
accuracy 1, t(14) = 3.696, p = .002, for  accuracy 2, t(14) = 2.449, p = .028, and in an overall 
accuracy error average, t(14) = 2.868, p = .012, and in an overall movement error average, t(14) 
= 2.291, p = 0.038, and in overall accuracy plus movement error average t(14) = 3.095, p = .008.  
The paired t-test results showed that the Bike and Strength group improved significantly 
from pretest to posttest in the dual-task TUG t(14) = 2.925, p = .011, in all of the time 
conditions, time 1 t(14) = 2.964, p = .01, time 2 t(14) = 3.508, p = .003, time 3 t(14) = 4.721, p < 
.001, and in overall time average, t(14) = 4.017, p = .001. 
Functional Task Performance 
Efficiency Related to Time 
The means and differences from pre to posttests for functional task performance for 
efficiency related to time are shown in Table 10 together with the paired t-test results.  There 
were no significant group effects from pre to posttest in functional task performance looking at 
efficiency related to time.   
The paired t-test results showed that the Stepping group improved significantly in three 
of the five of these unpracticed functional tasks which included the 3-m WBT, t(14) = 3.244, p = 
.006, the 5 x STS, t(14) = 2.203, p = .045, the 5 x ↑↓ Test, t(14) = 5.454, p < .001, and  
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Table 9 Divided-Attention Performance Means and Differences for Accuracy and Movement 
Error Conditions 
DATSAT 
 Stepping Group  Bike and Strength Group 
 Pretest Posttest Diff. p  Pretest Posttest Diff. p 
Accuracy           
 Errors 1  2.13 0.80 - 1.33 .002**  2.53 2.27 - 0.26 .653 
 
 (1.30) (1.01) (1.40)   (2.10) (2.09) (2.25)  
 Errors 2  1.80  1.00 - 0.80 .028*  2.40 2.60 0.20 .677 
 
 (1.37) (1.07) (1.27)   (2.26) (1.35) (1.82)  
 Errors 3  1.27 0.87 -  0.40 .405  2.33 2.80 0.47 .521 
  
 (1.28) (0.99) (1.81)   (3.02) (2.08) (2.75)  
 Errors Avg.  1.73 0.89 - 0.84 .012*  2.42 2.56 0.14 .679 
 
 (0.98) (0.70) (1.14)   (2.17) (1.50) (1.23)  
Movement           
 Errors 1  1.80 0.73 - 1.07 .072  1.67 1.27 - 0.40 .675 
 (2.11) (1.29) (2.12)   (3.35) (1.91) (3.62)  
 Errors 2   1.53  1.00 - 0.53 .205  1.27 1.13 - 0.14 .872 
 
 (1.30) (2.10) (1.55)   (2.82) (1.41) (3.16)  
 Errors 3   1.20  0.73 - 0.47 .290  1.27 0.80 - 0.47 .418 
 
 (0.94) (1.79) (1.64)   (2.34) (0.86) (2.17)  
 Errors Avg.  1.51  0.82 - 0.69 .038*  1.40 1.07 - 0.33 .642 
  





1.63 0.86 - 0.77 .008**  1.91 1.81 - 0.10 .814 
  (0.89) (0.89) (0.96)   (2.14) (0.99) (1.63)  
Note. * = p < .05, **= p < .01. Standard deviations appear in parentheses below means.  Diff. = 




improvements in an average score of the timed unpracticed functional tasks t(14) = 4.62, p < 
.001.   
The paired t-test results showed that the Bike and Strength group improved significantly 
in one of the five of these unpracticed functional tasks namely the KTS time t(14) = 2.537, p = 
.024, and in an average score of all of the timed tests t(14) = 2.40, p = .031.  
Efficiency Related to Rate of Perceived Exertion 
The means and differences from pre to posttests for functional task performance:  
efficiency related to rate of perceived exertion are shown in Table 11 together with the paired t-
test results.  There were no significant group effects for the unpracticed functional tasks looking 
at efficiency related to RPE.   
The paired t-tests showed that the Stepping group demonstrated significantly lower RPE 
scores with the 5 x ↓↑ test, t(13) = 2.463, p = .029, the FTS task, t(13) = 3.646, p = .003, and the 
average RPE score for the unpracticed functional tasks, t(13) = 2.414, p = .031.  
The paired t-tests showed that the Bike and Strength group had significantly lower RPE 
scores in the KTS task t(13) = 3.150, p = .008 and the average RPE score for the unpracticed 
functional tasks t(14) = 2.155, p = .049.  
Efficiency Related to Upper Extremity Movement Strategies 
The means from pre to posttests for functional task performance:  Efficiency related to 
upper extremity movement strategies can be seen in Table 55 of Appendix K together with the 
paired t-test results.   
There were no significant group effects from pretest to posttest with regard to efficiency 
using upper extremity movement strategies for functional task performance.   
The paired t-tests showed there were no differences within either the Stepping or the Bike and 
Strength groups from pretest to posttest. 
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Table 10 Functional Task Performance:  Efficiency Related to Time Means and Differences 
Functional 
Task 
 Stepping Group  Bike and Strength Group 
 Pretest Posttest Diff. p  Pretest Posttest Diff. p 
Time           
 3-m WBT   5.35 4.43 - 0.92 .006**  5.12 4.59 - 0.53 .107 
 
 (1.53) (0.85) (1.10)   (1.66) (1.27) (1.19)  
 5 x STS   10.61 9.54 - 1.07 .045*  9.38 9.20 - 0.18 .667 
  
 (2.50) (2.22) (1.88)   (1.80) (2.14) (1.55)  
 5 x ↑↓   10.33 8.62 - 1.71 .000***  9.67 8.91 - 0.76 .090 
   
 (2.39) (1.99) (1.21)   (1.73) (2.31) (1.54)  
 FTS  4.30 4.00 - 0.30 .192  4.46 3.62 - 0.84 .090 
 
 (1.75) (1.58) (0.86)   (2.04) (1.13) (1.78)  
 KTS  2.96 2.65 - 0.31 .141  2.62 2.14 - 0.48 .024* 
 
 (0.98) (0.86) (0.77)   (0.88) (0.53) (0.73)  
 Mean  6.71 5.85 - 0.86 .000***  6.20 5.71 -0.49 .031* 
 Efficiency  (1.57) (1.28) (0.72)   (1.17) (1.20) (0.78)  
Note. * = p < .05, **= p < .01, *** = p < .001. Standard deviations appear in parentheses below 
means.  Diff. = Difference.  WBT = Walk Backward Test.  5 x STS = Five-times Sit-to-Stand 
Test.  5 x ↑↓ = Five-times up and down test.  FTS = Floor to Stand.  KTS = Kneel to Stand. 
 
Endurance Test 
The Stepping group increased the distance walked in the 6MWT by 19.17 m (SD = 
28.86) from M  = 515.73 (SD = 80.78) at pretest to M = 534.90 (SD = 68.45) at posttest.  
Consequently, the walking velocity of the stepping group increased from 1.43 m/s to 1.49 m/s.  
The Bike and Strength group increased the distance walked in the 6MWT by 2.28 m (SD 31.91) 
from M = 515.32 (SD = 65.32) at pretest to M = 517.59 (SD = 78.32) at posttest.  There was not 
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a significant group effect for the 6MWT. The paired t-test revealed that the Stepping group 
significantly increased the distance walked from pretest to posttest t (14) = -2.573, p = .022.  




 Stepping Group  Bike and Strength Group 
 Pretest Posttest Diff. p  Pretest Posttest Diff. p 
RPE           
 3-m WBT   8.50 8.50 0.00 1.00  8.31 7.92 - 0.39 .550 
 
 (1.51) (1.87) (2.22)   (1.38) (1.80) (2.26)  
 5 x STS  10.21 9.14 - 1.07 .068  9.86 8.79 - 1.07 .128 
  
 (1.58) (2.25) (2.02)   (2.32) (2.05) (2.46)  
 5 x ↓↑  9.57 8.57 - 1.00 .029*  9.36 8.79 - 0.57 .365 
  
 (1.79) (1.83) (1.52)   (2.24) (2.19) (2.28)  
 FTS  10.64 8.71 - 1.93 .003**  10.36 8.79 - 1.57 .055 
 
 (2.65) (2.09) (1.98)   (2.31) (2.12) (2.79)  
 KTS  10.00 8.71 - 1.29 .060  9.36 7.93 - 1.43 .008** 
 
 (2.18) (2.05) (2.34)   (1.78) (1.73) (1.70)  
 Mean  9.79 8.73 - 1.06 .031*  9.46 8.47 - 0.99 .049* 
 Efficiency 
 (1.59) (1.89) (1.64)   (1.61) (1.71) (1.79) 
 
Note. * = p < .05, **= p < .01. Standard deviations appear in parentheses below means.  Diff. = 
Difference.  RPE = Rate of Perceived Exertion.  WBT = Walk Backward Test.  5 x STS = Five-
times Sit-to-Stand Test.  5 x ↑↓ = Five-times up and down test.  FTS = Floor to Stand.  KTS = 
Kneel to Stand 
  
Strength Tests 
The means and differences from pre to posttests together with the paired t-test results for 
the strength tests are shown in Table 12 for the ankle weight testing and Table 13 for the 
isokinetic testing.  There were two significant group effects on the ankle weights strength test 
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including dorsiflexion % BW, F(1,27) =  11.64, p = 0.002 and knee flexion % BW, F(1,27) = 
4.36, p =0.046.  There were no significant group effects on the isokinetic strength test.   
Table 12 Ankle Weight Strength Test Means and Differences 
Strength  
% BW 
 Stepping Group  Bike and Strength Group 
 Pretest Posttest Diff. p  Pretest Posttest Diff. p 
Dorsi-   26.30 31.06 4.76 .000***  31.66 40.28 8.62 .000*** 
flexion 
 (8.59) (8.06) (3.27)   (8.70) (8.98) (3.41)  
Plantar-   57.95 75.95 18.00 .000***  60.45 79.44 18.99 .000*** 
flexion 
 (15.56) (15.50) (11.50)   (12.71) (17.50) (13.91)  
Hip  17.81 26.12 8.31 .000***  20.42 30.36 9.94 .000*** 
Abduction 
 (8.38) (10.88) (3.99)   (7.69) (9.74) (4.74)  
Hip  19.88 28.81 8.93 .000***  22.69 33.81 11.12 .000*** 
Extension 
 (9.42) (10.86) (5.50)   (8.19) (11.45) (7.24) 
 
Knee  15.93 21.61 5.68 .000***  15.36 25.60 10.24 .000*** 
Flexion 
 (8.07) (7.72) (3.84)   (4.67) (9.44) (7.30) 
 
Knee  25.31 34.00 8.69 .001***  24.72 35.01 10.29 .000*** 
Extension  (10.32) (10.13) (7.59)   (11.23) (14.31) (6.78)  
Note. *** = p < .001. Standard deviations appear in parentheses below means.  Diff. = 
Difference.  BW = Body Weight. 
 
The regression analysis in Table 7 illustrates the magnitude of the effect in favor of the 
Bike and Strength group indicating that from pre to posttest the Stepping group would expect to 
have 4.33 and 4.53 less strength gains for % BW dorsiflexion and knee flexion respectively 
compared to the Bike and Strength group. 
The Stepping group showed significant improvements in the paired t-tests in all six of the 
ankle weight strength testing measures and one of the isokinetic strength tests:  dorsiflexion % 
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BW t(14) = -5.637, p < .001, plantarflexion % BW t(14) = -6.066, p < .001, knee extension % 
BW t(14) = -4.438, p = .001, hip abduction % BW t(14) = -8.067, p < .001, hip extension % BW 
t(14) = -6.292, p < .001, and knee flexion % BW t(14) = -5.733, p < .001, Humac Norm 
plantarflexion peak % BW t(14) = -2.434, p = .029.   
Table 13 Isokinetic Strength Test Means and Differences. 
Peak  
% BW 
 Stepping Group  Bike and Strength Group 
 Pretest Posttest Diff. p  Pretest Posttest Diff. p 
Dorsi-  7.13 7.60 0.47 0.89  8.87 8.40 - 0.47 .477 
flexion 
 (2.10) (1.92) (0.99)   (2.20) (1.30) (2.48)  
Plantar-   15.73 18.20 2.47 .029*  15.73 19.53 3.80 .012* 
flexion 
 (5.04) (4.93) (3.41)   (6.88) (5.60) (3.27)  
Hip           
 Abduction  34.47 36.73 2.26 .223  30.40 32.60 2.20 .413 
 
 (11.29) (10.96) (4.74)   (8.69) (6.84) (3.99)  
 Adduction  29.80 30.93 1.13 .728  28.07 32.13 4.06 .169 
 
 (18.68) (14.34) (12.38)   (12.96) (13.89) (10.85)  
 Flexion  43.27 44.93 1.66 .165  42.80 45.13 2.33 .373 
 
 (10.31) (11.30) (4.40)   (10.50) (10.05) (9.83)  
 Extension  54.73 52.93 - 1.80 .536  57.93 60.20 2.27 .412 
 
 (23.29) (22.41) (10.99)   (17.34) (21.41) (10.38) 
 
Knee           
 Flexion  24.07 26.33 2.26 .065  27.00 27.73 0.73 .527 
 
 (6.61) (7.90) (4.38)   (9.45) (9.11) (4.38) 
 
 Extension  46.33 48.20 1.87 .181  52.47 48.20 - 4.27 .131 
 
 (9.61) (11.31) (5.14)   (13.88) (13.95) (10.29)  
Note. * = p < .05. Standard deviations appear in parentheses below means.  Diff. = Differences.  
BW = Body Weight 
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The Bike and Strength group showed significant improvements in the paired t-tests in all 
six of the ankle weight strength testing measures and one of the isokinetic strength tests:  
dorsiflexion % BW t(14) = -9.795, p < .001, plantarflexion % BW t(14) = -5.289, p < .001, knee 
extension % BW t(14) = -5.878, p < .001, hip abduction % BW t(14) = -8.121, p < .001, hip 
extension % BW t(14) = -5.948, p < .001, and knee flexion % BW t(14) = -5.427, p < .001, 
Humac plantarflexion peak % BW t(14) = -2.893, p = .012. 
 
Discussion  
The overall purpose of this study was to determine how training with a task that provides 
a procedural learning environment can affect balance and functional outcomes in healthy older 
adults aged 65 years and above.  Within this overall purpose, there were five specific purposes. 
Balance Tests 
The first specific purpose of this study was to determine if training a healthy older 
population with the DATSAT results in improvements in balance tests.  It was hypothesized that 
the Stepping group, but not the Bike and Strength group, would show improvements in balance 
as measured by improvements on the Berg Balance Scale (BBS), the Timed Up and Go (TUG), 
mean step length (MSL), the Functional Reach Test (FRT), and the Activities-specific Balance 
Confidence (ABC) scale.   
The results for the BBS and TUG supported the balance tests hypothesis.  Although the 
Stepping group was at a low risk of falling at pretest (as indicated by their scoring 54.33 out of 
56 maximum points on the BBS), the Stepping group demonstrated significant improvements to 
55.07 at posttest reflecting a decrease in fall risk (Shumway-Cook & Woollacott, 2007).  On the 
TUG, the Stepping Group had an average time of 8.27 s at pretest, similar to established age-
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matched norms, and was able to significantly decrease these times to 7.50 s at posttest 
(Shumway-Cook & Woollacott, 2007).   
The MSL results partially supported the balance tests hypothesis.  Both groups showed 
significant improvements in MSL in the forward and lateral directions and mean MSL.  Part of 
the standardized warm-up included stretching in positions similar to a forward and a lateral MSL 
which may have contributed to the improvements seen in those directions.  However, since the 
Stepping group performed significantly better than the Bike and Strength group for MSL in the 
posterior direction and mean MSL, and since the Stepping group had significant improvements 
in all MSL directions, the active stepping involved in the DATSAT training can be considered a 
major contributor to improved performance.  The mean MSL results in this study compare 
favorably with the results by Medell and Alexander (2000).  In that study, the mean MSL score 
in healthy young adults ranged between 109.2 and 111.8 cm while those for healthy older adults 
ranged between 91.4 and 94 cm.  In the present study, the mean MSL for the Stepping group was 
96.02 cm at pretest and 105.59 cm at posttest, which is just short of the range of the healthy 
young adults in the Medell and Alexander study.  Based on the Physical Activity Scale for the 
Elderly norms for a general population of older adults aged 65 – 100 years old, M = 102.9 (SD = 
64.1) (New England Research Institutes Inc., 1991), the participants in this study were more 
physically active at pretest, M = 154.13 (SD = 68.96) and M = 159.67 (SD = 41.50) for the 
Stepping and Bike and Strength groups respectively, than the general population, which may 
explain the increased mean MSL scores seen at pretest compared to the Medell and Alexander 
(2000) results.  Another explanation for the differences seen in mean MSL may be that the 
participants’ upper extremities were not constrained during MSL in the current study.  This is in 
contrast to the participants in the Medell and Alexander study who crossed their arms during the 
performance of the stepping tasks.   
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The results for the FRT did not support the hypothesis for the balance tests.  The FRT 
score of both groups at pretest and posttest were below established norms (Shumway-Cook & 
Woollacott, 2007).  However, it is important to note that the participants reached with both arms 
extended rather than a single arm as used to establish the norms.  Neither group demonstrated 
significant improvements in the FRT from pretest to posttest.     
Improved scores on the ABC scale reflect an improved confidence in balance abilities.  
Since neither group had significant changes in their ABC scores from pre to posttest, these 
results did not support the balance tests hypothesis.  Given that the Bike and Strength group had 
few changes in the balance tests category, an increased confidence in balance abilities would not 
be expected.  However, the Stepping group showed significant improvements in all of the 
balance tests with the exception of the FRT so an increased confidence in balance abilities would 
be expected.  Since this was not the case, it is suggested that the Stepping Group was not 
consciously aware of the improvements made in the balance arena and verifies a procedural 
learning environment was created with the DATSAT.  
One way to view the results of the balance tests is to distinguish the type of base of 
support involved in the tests.  The FRT required a static base of support, the TUG and MSL 
required a dynamic base of support and the BBS had elements of both.  In this study, the 
DATSAT training involved a dynamic base of support and led to improvements in the tests that 
incorporated a dynamic base of support.  Further research is necessary to determine if the 
balance improvements as a result of the DATSAT training are only applicable to activities that 
incorporate a dynamic base of support.   
Divided-attention Performance 
The second specific purpose of this study was to determine if DATSAT training results in 
improvements in divided-attention situations.  It was hypothesized that participants in the 
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Stepping group, but not the Bike and Strength group, would exhibit improvements in divided-
attention situations as reflected by improvements on the dual-task TUG and the DATSAT.  The 
results for the dual-task TUG did not support the divided-attention performance hypothesis.  
Although there were no group differences for the dual-task TUG, one unexpected finding 
occurred when the Bike and Strength group showed significant improvements in the time to 
complete the dual-task TUG whereas the Stepping group did not.  A possible explanation for the 
lack of significant improvement by the Stepping Group may be that the second task in the dual-
task TUG was not a cognitive task but a physical task, namely carrying a cup of water.  Since the 
DATSAT required both a physical component and an information-processing or cognitive 
component, the Stepping group may have demonstrated improvements in a dual-task test that 
incorporated a cognitive component, such as the TUG performed while counting backward by 
threes (Shumway-Cook & Woollacott, 2007).  
Performance improvements seen on the DATSAT reflected a decrease in the time to 
complete the task, a decrease in the number of accuracy errors, and a decrease in the number of 
movement errors.  Completing the DATSAT in less time primarily results from improvement in 
a physical component of the task such as strength or balance, or in an information-processing 
component of the task, or in both.  Completing the task with fewer accuracy errors primarily 
results from improvement in an information-processing component of the task.  Completing the 
task with fewer movement errors primarily is a result from improvement in a balance component 
of the task. 
The results for the DATSAT partially supported the divided-attention hypothesis.  The 
Bike and Strength group completed the DATSAT in significantly less time, but did not show 
improvements in accuracy or movement errors, indicating the improvements were primarily due 
to a physical component.  The Stepping group completed the DATSAT in significantly less time, 
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and with significantly fewer accuracy and movement errors, indicating the improvements were 
due to a combination of factors including physical, information-processing and balance 
components providing evidence that physical and information-processing can improve 
simultaneously with training in a divided-attention environment.  Although the improvements 
seen with DATSAT training did not transfer to the dual-task TUG, it is certainly possible given 
the results with the DATSAT, that the improvements could transfer to other divided-attention 
situations that incorporate an information-processing component in real-life settings.  This 
possibility should be tested in further research.   
Functional Task Performance 
The third specific purpose of this study was to determine if DATSAT training leads to 
improved skill in unpracticed timed functional tasks, which included the 3-m Walk Backward 
Test (WBT), Five-times Sit-to-Stand (5 x STS) test, the five repetition up and down (5 rep ↑↓) 
test, the floor-to-stand (FTS) test, and the kneel-to-stand (KTS) test.  This improved skill would 
be demonstrated by several efficiency-related characteristics:  efficiency related to time, 
efficiency related to the RPE scale, and efficiency related to upper extremity movement 
strategies.  It was hypothesized that participants in the Stepping group, but not the Bike and 
Strength group, would demonstrate decreased task completion times, decreased scores on the rate 
of perceived exertion (RPE) scale, and changes in upper extremity movement strategies in these 
unpracticed timed functional tasks.   
Efficiency Related to Time  
The Stepping group had significant decreases in time in three of the five of these 
unpracticed functional tasks compared to the Bike and Strength group who had time decreases in 
one out of five of these unpracticed functional tasks.  Both groups had significant improvements 
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in the average efficiency scores but with greater significance for the Stepping group.  These 
results partially supported the functional task performance hypothesis.   
Efficiency Related to Rate of Perceived Exertion  
The Stepping group significantly lowered the RPE scores following two out of five of 
these functional tasks while the Bike and Strength group lowered the RPE scores in one out of 
five.  Both groups had significant improvements in mean RPE efficiency scores.  These RPE 
results partially supported the functional task performance hypothesis. 
In addition to reporting RPE scores during the pre and posttest, the participants reported 
RPE scores following each training session.  (Although no training session results were reported 
in the Results section, the RPE scores are presented in Appendix L).  The Stepping group 
reported RPE scores for the DATSAT training, while the Bike and Strength group reported two 
RPE scores, one for bike training and one for strength training.    Rate of perceived exertion 
scores were compared between DATSAT training and bike training and between DATSAT 
training and strength training session by session, week by week and for the total training time.  
No significant differences were found between DATSAT and bike training, but a comparison of 
RPE scores between DATSAT and strength training revealed significant differences at every 
session, for every week, and for the total training time.  These results provide insight into the 
effort that was exerted by each group between the pretest and posttest sessions.  At posttest, the 
Stepping group had improved performance outcomes over the Bike and Strength group and had 
used significantly less effort in the process.  This information could be very valuable to clinical 
populations who require strength training or functional re-training but have a reduced capacity 
for exertion with traditional training procedures.    
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Efficiency Related to Upper Extremity Movement Strategies 
Use of movement strategies with the upper extremities was explored in these same 
functional tasks with the exception of the 3-m WBT.  Neither group demonstrated significant 
differences from pretest to posttest in this regard.  It is possible that movement strategies 
unrelated to the upper extremities became more efficient.  These movement strategy results did 
not support the functional task performance hypothesis.  
Endurance Test 
A fourth specific purpose was to determine if bike training and DATSAT training would 
lead to increased endurance as reflected by the 6-min walk test (6MWT).  It was hypothesized 
that participants in both the Stepping group and the Bike and Strength group would demonstrate 
similar levels of improvements in the 6MWT.  However, results indicated that only the Stepping 
group showed improvement on this test.  Thus, the endurance hypothesis was partially supported 
by the results of this study.  Because the 6MWT is an endurance test and the Bike and Strength 
group engaged in cardiovascular training, it was surprising that a significant improvement was 
not seen for this test.  The Stepping group did have significant improvements in the 6MWT 
without cardiovascular training.   
Strength Tests 
A fifth specific purpose was to determine if training with weights and DATSAT training 
would lead to increased strength as reflected by ankle weight and isokinetic strength tests.  It was 
hypothesized that participants in both the Stepping group and the Bike and Strength group would 
display improvements in ankle weight and isokinetic strength tests and that the Bike and Strength 
group would have greater improvements than the Stepping group. 
There were two significant group effects in favor of the Bike and Strength group from a 
possible 14 strength tests which partially supported the strength test hypothesis that the Bike and 
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Strength group would have greater improvements than the Stepping group.  Both groups had 
highly significantly strength increases in all of the ankle-weight strength tests, and each group 
had a significant increase in one of the isokinetic strength tests which partially supported the 
strength hypothesis that both groups would improve from pretest to posttest.  The fact that the 
Stepping group had similar strength gains to the Bike and Strength group, with the exception of 
ankle DF and knee flexion in the ankle weight test, is remarkable given the RPE results from the 
training sessions; the Bike and Strength group had exerted themselves much more that the 
Stepping group throughout the entire study. 
Procedural Learning 
A number of physical components are required to complete the DATSAT including 
sufficient endurance, strength, and balance.  To be successful, participants are required to step 
from the starting base of support to a transitional base of support and back to the starting base of 
support without balance loss.  Multiple repetitions of stepping as seen in the DATSAT require 
sufficient force control to initiate the movements, control the landing of the stepping foot and 
provide propulsion to step back to the original position.   
Because procedural learning is a form of implicit learning, and according to Gentile 
(1998), as performance improves, implicit learning of generating more efficient force occurs, it 
appears likely that DATSAT training provides a procedural environment for this type of learning 
to occur.  As defined by Shumway-Cook and Woollacott (2001), “Procedural learning develops 
slowly through repetition of an act over many trials and is expressed through improved 
performance of the task”.  (p.30)  The participants in this experiment performed many repetitions 
of steps during the divided-attention stepping accuracy task in experiment 1 and the DATSAT in 
experiment 2, and the participants in experiment 2 had objective evidence of significant 
improved performance of the task.  Shumway-Cook and Woollacott go on to say that, 
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“Procedural learning does not depend on awareness, attention, or other higher cognitive 
processes”.  (p.30)  The information-processing components of the DATSAT are extremely 
challenging.  The participant is required to process three verbal cues e.g. right, blue, near, to 
identify the location of the appropriate target from 18 possible targets.  In addition, the 
participant is required to process visual cues to find the target and to ensure the foot hits the 
target.  This information processing is continual until the end of the test.  It is likely that most, if 
not all, of the participants’ cognitive effort is devoted to the information-processing components 
of the DATSAT, thus leaving little or no cognitive effort devoted to the physical components of 
the DATSAT.  Finally, to complete the procedural learning definition, Shumway-Cook and 
Woollacott state, “During motor skill acquisition, repeating a movement continually under 
varying circumstances typically leads to procedural learning.” (p.30)  The DATSAT offers 
multiple trials of variable practice as it requires participants to repeat a stepping movement in 
one of four different directions and to one of two different step lengths with each leg. 
It is thus determined that the DATSAT contains all the components to establish a 
procedural learning environment.  It must now be determined that sufficient evidence exists that 
procedural and implicit learning occurred in this study.  Since implicit learning of a motor skill 
refers to the acquisition of information without awareness of the learned information (Krebs, 
Hogan, Hening, Adamovich, & Poizner, 2001) and is observed through changes in skilled 
movement relative to some baseline performance (Boyd & Winstein, 2003), an important 
question is this, was there a change in skilled movement relative to some baseline performance?  
The participants in this experiment demonstrated improvements in skilled movements related to 
balance, performance on the DATSAT, improvements in unpracticed functional tasks and 
increased speed of gait.  Thus the answer to this question is that there were changes in skilled 
movement relative to some baseline performance.   
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With regard to procedural and implicit learning, an important question is were these 
participants consciously aware that they had learned anything?  A definition of motor learning is 
a set of internal processes associated with practice or experience leading to relatively permanent 
changes in the capability for motor skill  (Schmidt & Lee, 2005).  One of the likely explanations 
for improvements seen with DATSAT training is the result of force generation and balance 
changes which are examples of internal processes associated with practice.  Since these internal 
processes are generally not controlled consciously, it is highly unlikely that the participants 
would be consciously aware of any that had taken place during the training.  In addition, the 
participants did not practice and were not given any declarative information that could have 
explained the improvements on the balance tests, the unpracticed timed functional tasks, and the 
6MWT.  The lack of change in the ABC scale scores provides further evidence that the Stepping 
group was not aware of what they had learned.  With this information, the answer to the second 
question is that the participants in the Stepping group were not consciously aware that they had 
learned anything.   
Another important question related to procedural and implicit learning is, could anything 
other than procedural learning be responsible for the improvements?  The purpose of the Bike 
and Strength group was to control for the possibility that improvements in the DATSAT were 
due to cardiovascular and leg strength gains.  The results within the five testing categories - 
balance tests, divided-attention performance, functional task performance, endurance measure, 
and strength tests – have been discussed.  The Bike and Strength group demonstrated some 
improvements in these areas, but the Stepping group, with the exception of the strength results, 
had greater improvements.  Thus, strength and endurance was responsible in part for the 
improvements seen, but much of the improvement can be accounted for by procedural learning.  
As a result the answer to the third question is that strength and endurance are partially 
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responsible for the improvements seen, however, the remaining improvements must be related to 
procedural learning.   
Another way to determine if the participants were aware that they had learned something 
was to question them.  To incorporate the personal perspectives of the participants about their 
experiences in the training programs, the participants were asked the following question at the 
end of the study, “Have you noticed any improvements as a result of this program?”  The 
responses of the Stepping group are as follows with some individuals providing more than one 
response:  Four reported they noticed no improvements; three reported they could perform the 
DATSAT better; two reported  improvements in thinking skills; two reported being stronger; 
four reported being more flexible or agile; one reported improvement in a functional task, 
namely getting out of the tub;  two reported a feeling of well-being; one reported losing a couple 
of pounds (kgs) of weight; one reported increased confidence in completing the course.  As a 
result of DATSAT training, the Stepping group had significant improvements within the five 
specific purposes that were addressed.  When these responses are related to those five specific 
purposes it is apparent there was no mention of improved balance, improved divided-attention 
performance (three exceptions), improved function (one exception), improved 
endurance/walking speed, or increased strength (two exceptions).  These comments together with 
the result that scores on the ABC scale did not change, support the conclusion that the Stepping 
group was not consciously aware of the performance improvements made in the balance tests 
and that a procedural learning environment was created with the DATSAT. 
Although not a universal response in the Stepping group, a few members of the Stepping 
group made comments throughout the course of the experiment that implied unawareness of 
improvements in any area and dissatisfaction with the training.  These comments had not been 
expected, but they are reported because they provide additional support for the procedural 
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learning hypothesis as well as a surprising perspective of DATSAT training.  Some of the 
comments were, “Let’s face it, I’m not doing it for the $50, but if it can help you and the 
university, it’s worth it”.  “I thought you were going to put me through an exercise program”.  
“This is not physically exerting at all”.  “Am I failing your program?”  “I feel like I’m a retard.”  
Based on these comments the investigator became concerned that the participants were unhappy 
with the study and may drop out for motivational reasons.  One explanation may be that the 
Stepping group did not receive any extrinsic feedback about the performance on the DATSAT 
task.  The investigator provided only generic comments such as, “good job”, and, “way to go.”  
These same generic comments were also provided to the Bike and Strength group, but in 
addition, the Bike and Strength group received a form of extrinsic feedback every 2 weeks when 
the weights increased i.e. from 60% 1RM to 70% 1 RM to 80% 1RM.  In future studies, extrinsic 
feedback related to the DATSAT may be a source of motivation to the participants.  
 The responses of the Bike and Strength group in response to the question:   “Have you 
noticed any improvements as a result of this program?” are as follows with some individuals 
providing more than one response:  three reported they noticed less stiffness in their legs; seven 
reported increased strength;  two reported increased balance;  three reported increased 
confidence;  three reported increased energy;  three reported no improvements; five reported 
improvements in function, specifically hitting a softball further, running faster, getting around 
better, walking faster, and able to step into britches without falling over; two reported no cramps 
in the legs during the program. 
Within the five specific purposes that were addressed, the Bike and Strength group had 
significant improvements in strength, divided-attention performance, and improved functional 
performance.  When this group’s responses are now related to those five specific purposes it is 
notable that there was no mention of improvements in balance (two exceptions), improved 
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divided-attention performance, improved function (five exceptions), improved endurance (three 
exceptions), or increased strength (seven exceptions).  Approximately half of the Bike and 
Strength group were consciously aware that strength had increased.  In future studies that ask a 
question similar to, “Have you noticed any improvements as a result of this program?” it may be 
preferable to provide a short questionnaire rather than rely on self-generated responses.    
Conclusion 
In this experiment, a stepping task was used exclusively as a therapeutic intervention.  
Based on the results of all the tests involved in this study, it can be concluded that training with a 
task that provides a procedural learning environment can benefit balance and functional 
outcomes in healthy older adults aged 65 years and older.  It is especially noteworthy that even 
for the highly functioning healthy older population involved in this study, DATSAT training 
resulted in significant improvements in the areas of balance, divided-attention performance, 
functional task performance, endurance and strength.  From these results, DATSAT training 
improved current levels of function and prevented a future loss of function by decreasing fall 
risk.  Although strength and endurance may account for some of these improvements, there is 
evidence that much of the improvement can be accounted for by procedural learning.  In this 
experiment, training resulted in simultaneous improvements in both the physical and cognitive 
aspects of the task contributing to the sparse literature on training with divided-attention tasks.   
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CHAPTER 4.  GENERAL DISCUSSION 
The purpose of this research was to determine how training with a task that provides a 
procedural learning environment can affect balance and functional outcomes.  This purpose was 
examined in two experiments.  In the first experiment, the participant was an individual who had 
sustained a traumatic injury to his cervical spinal cord four years previously.  Although the 
participant was able to walk without an assistive device, he presented with decreased balance and 
decreased functional independence.  After 6 weeks of training with a divided-attention stepping 
accuracy task, the participant exhibited improvements in two balance tests, the Berg Balance 
Scale (BBS) and the Functional Reach Test (FRT) and these improvements remained at follow-
up 6 weeks later.  According to scores on the BBS, the participant had an almost 50% decrease in 
fall risk at follow-up compared to pretest.  The participant also improved in an endurance test, 
the 6-min Walk Test (6MWT), and reached independence walking unlimited distances on level 
surfaces and walking up and down curbs and ramps.  The participant underwent lower extremity 
strength testing but the results were inconclusive.  In experiment 1, the divided-attention 
stepping accuracy task enabled the participant to improve his balance and functional 
performance.  Because of the characteristics of the divided-attention stepping accuracy task, it 
was hypothesized that the task created a procedural learning environment, which is hypothesized 
to have led to increased levels of functioning.  The results from experiment 1 were particularly 
encouraging given that they occurred 4 years after the injury.  Further examination of a 
procedural learning environment using this divided-attention stepping accuracy task was 
warranted to determine its usefulness with other populations. 
Rather than using a clinical population, the participants in experiment 2 were healthy, 
older adults who were independent in all daily functional activities.  These individuals were not 
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expected to be at a high risk of falling, but since fall risk increases with age, efforts to decrease 
fall risk may be beneficial in preventing a future loss of function.  In addition, information 
gained from a healthy older population may be useful for future comparison to results from a 
clinical population.  Given that the strength results in experiment 1 were inconclusive, it was 
difficult to ascertain if strength gains had been responsible for the balance and functional 
improvements seen.  In experiment 2, a Bike and Strength control group was included to control 
for the possibility that cardiovascular and leg strength gains were responsible for the balance and 
functional gains.   
In this healthy-older population in experiment 2, divided-attention timed stepping 
accuracy task (DATSAT) training resulted in significant improvements in the areas of balance, 
divided-attention performance, functional task performance, endurance and strength.  Rather 
than improving lost function as was seen with the participant in experiment 1, DATSAT training 
improved on already high levels of function and, based on the decreased fall risk scores, 
prevented a future loss of function.  With the results from the Stepping group and the Bike and 
Strength control group, it was determined that endurance and strength may account for some of 
the improvement, but there is evidence that much of the improvement can be accounted for by 
procedural learning.   
A number of methodology changes occurred between experiments 1 and 2 in an attempt 
to further establish and verify a procedural learning environment.  In experiment 1, the 
participant was not tested on performance improvements on the divided-attention stepping 
accuracy task itself.  As the training sessions progressed, the participant appeared to decrease the 
number of errors committed and the time to complete each set, but since an objective 
measurement of improvement was not implemented, this could not be verified.  In experiment 2, 
the DATSAT was devised to objectively measure time to complete the task and methods to count 
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the number of accuracy and movement errors committed.  Since procedural learning is observed 
through changes in skilled movement relative to some baseline performance (Boyd & Winstein, 
2003) it was now possible to objectively identify improvements in the DATSAT. 
Although it was hypothesized from experiment 1 that the divided-attention stepping 
accuracy task had created a procedural learning environment, modifications were made to the 
instructions in experiment 2 to further encourage a procedural learning environment.  In 
experiment 1, the participant was given specific instructions about the landing positions for the 
stepping foot.  For example, for the anterior segments the foot was to land on the target line at 
the arch of the foot with the line dividing the foot into anterior and posterior portions.  These foot 
landing instructions may have encouraged the participant to adopt an internal focus of attention 
on his foot which may lead to a constrained response.  In experiment 2, the only stipulation with 
regard to touching the target was for the stepping foot to make contact with any part of the target.  
This change was implemented to encourage the participant to adopt an external focus of attention 
on the target and consequently a more automatic response.  Given the positive results from 
experiment 1, it seems unlikely that these instructions had a negative effect on the participant.  
However, the instructions were changed in experiment 2 to remove this doubt.     
Further instructional changes occurred in experiment 2 when the investigator made a 
conscious attempt to avoid any declarative information that may influence balance and force 
control responses of the participants.  In experiment 1, during the instructions for the divided-
attention timed accuracy task, the investigator had used phrases that encouraged the participant 
to shift his weight onto his stepping foot and then to push back once contact was made with the 
target.  In experiment 2, during the initial DATSAT session, the investigator used verbal 
comments and visual demonstration to instruct the participant to try and land with a flat foot and 
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to bend the knee.  These instructions were designed to encourage a weight shift to the stepping 
foot as it made contact with the target, but this was not explicitly stated.  
Several other changes were also implemented between experiments 1 and 2.  The size of 
the target was decreased from 7.6 cm2 in experiment 1 to 5 cm2 in experiment 2.  Thus, the 
participants in experiment 2 were required to be more precise to avoid an accuracy error.  Since 
the goal of the DATSAT was to perform fast and accurate movements, target size may influence 
speed of movement due to the speed-accuracy trade-off (Schmidt & Wrisberg, 2008).  In 
experiment 2, it appeared that some individuals placed more emphasis on accuracy, while others 
placed more emphasis on speed.   
Functional movements that require large steps such as those seen during the DATSAT 
are not common in our daily activities particularly in the lateral and posterior directions.  In fact, 
there appear to be only a few activities that commonly demand a large step such as walking up 
stairs two at a time, stepping over objects, standing up from the floor and getting in and out of a 
car.  Unexpected events such as a trip may require a step to prevent a fall, and since a fall can 
occur in any direction, a preventative step may need to occur in any direction.  It has been 
suggested that impaired voluntary stepping may be a contributing factor to falls (Lord & 
Fitzpatrick, 2001), so with volitional multi-directional step training an individual has more 
likelihood of responding appropriately when called upon to step in a certain direction to prevent 
a fall.   
Stepping assessment tasks can be used to predict fall risk and one such assessment is the 
Rapid Step Test (Medell & Alexander, 2000).  The DATSAT contains several elements of the 
Rapid Step Test including multi-directional stepping in response to verbal cues and tracking of 
time completion and errors.  However, unlike the Rapid Step Test or other assessment tasks, the 
DATSAT has been used in this study as a therapeutic intervention.   
70 
 
A number of physical components are required to complete the DATSAT including 
sufficient endurance, strength, and balance.  To be successful, participants are required to step 
from the starting base of support to a transitional base of support and back to the starting base of 
support without balance loss.  Multiple repetitions of stepping as seen in the DATSAT require 
sufficient force control to initiate the movements, control the landing of the stepping foot and 
provide propulsion to step back to the original position.  Procedural learning is a form of implicit 
learning, and according to Gentile (1998), as performance improves, implicit learning in the form 
of more efficient force generation is occurring.  DATSAT training provides a procedural 
environment for this to occur.  As defined by Shumway-Cook and Woollacott (2001), 
“Procedural learning develops slowly through repetition of an act over many trials and is 
expressed through improved performance of the task”. (p. 30)  The participants in both 
experiments performed many repetitions of steps during the divided-attention stepping accuracy 
task in experiment 1 and the DATSAT in experiment 2, and the participants in experiment 2 had 
objective evidence of significant improved performance of the task.  Shumway-Cook and 
Woollacott go on to say that, “Procedural learning does not depend on awareness, attention, or 
other higher cognitive processes”. (p.30)  The information-processing components of the 
DATSAT are extremely challenging.  The participant is required to process three verbal cues e.g. 
right, blue, near to identify the location of the appropriate target from 18 possible targets.  In 
addition, the participant is required to process visual cues to find the target and to ensure the foot 
hits the target.  This information processing is continual until the end of the test.  It is likely that 
most, if not all, of the cognitive effort is devoted to the information-processing components of 
the DATSAT, thus leaving little or no cognitive effort devoted to the physical components of the 
DATSAT.  Finally, to complete the procedural learning definition, Shumway-Cook and 
Woollacott state, “During motor skill acquisition, repeating a movement continually under 
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varying circumstances typically leads to procedural learning” (p. 30).  The DATSAT requires 
participants to repeat a stepping movement in one of four different directions and to one of two 
different step lengths with each leg. 
It is thus determined that the DATSAT contains all the components to establish a 
procedural learning environment.  It must now be determined that sufficient evidence exists that 
procedural and implicit learning occurred in this study.  Since implicit learning of a motor skill 
refers to the acquisition of information without awareness of the learned information (Krebs, 
Hogan, Hening, Adamovich, & Poizner, 2001) and is observed through changes in skilled 
movement relative to some baseline performance (Boyd & Winstein, 2003), an important 
question is this, was there a change in skilled movement relative to some baseline performance?  
Based on the results of the two experiments, the answer to this question is that there were 
changes in skilled movement relative to some baseline performance.  The participant in 
experiment 1 demonstrated improvements in skilled movements related to balance, increased 
endurance and speed of gait, and increased independence walking up and down curbs and ramps.  
The participants in experiment 2 demonstrated improvements in skilled movements related to 
balance, performance on the DATSAT, improvements in unpracticed functional tasks and 
increased speed of gait.   
With regard to procedural and implicit learning an important question is, were these 
participants consciously aware that they had learned anything?  A definition of motor learning is 
a set of internal processes associated with practice or experience leading to relatively permanent 
changes in the capability for motor skill (Schmidt & Lee, 2005).  One of the likely explanations 
for improvements seen with DATSAT training is the result of force generation and balance 
changes which are examples of internal processes associated with practice.  Since these internal 
processes are not controlled consciously, it is highly unlikely that the participants would be 
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consciously aware of any that had taken place during the training.  With regard to the 
improvement seen on the unpracticed timed functional tasks, the participants were not given any 
declarative information that could have helped them to improve on these tasks.  With this 
information, the answer to the question is no, the participants in the Stepping group were not 
consciously aware that they had learned anything.  Further support for this answer comes from 
the responses to the question, “Have you noticed any improvements as a result of this program?” 
by the participants in Experiment 2 and the Activities-specific Balance Confidence (ABC) scale 
scores both of which verify that the Stepping Group was not consciously aware that they had 
learned anything. 
Another important question related to procedural and implicit learning is, could anything 
else be responsible for the improvements seen?  The purpose of the Bike and Strength group was 
to control for the possibility that improvements in the DATSAT were due to cardiovascular and 
leg strength gains.  The results within the five testing categories - balance tests, divided-attention 
performance, functional task performance, endurance measure, and strength tests – have been 
discussed.  The Bike and Strength group demonstrated some improvements in these areas, but 
the Stepping group, with the exception of the strength results, had greater improvements.  Thus, 
strength and endurance was responsible in part for the improvements seen, but much of the 
improvement can be accounted for by procedural learning.  Thus strength and endurance appear 
to have been partially responsible for the improvements seen in the two experiments, but it is 
also likely that the remaining improvements are related to procedural learning.   
An important finding from experiment 2 occurred when the Stepping group was able to 
learn both physical and information-processing components of a task simultaneously with 
training in a divided-attention environment.  There are very few learning studies in the dual-task 
literature, but in one learning study, Pellecchia (2005) compared the impact of a cognitive task 
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on postural sway before and after dual-task training.  The results showed that practicing under 
dual-task conditions resulted in the ability to perform a secondary task without detriment to the 
primary task.  Pellecchia suggested that in interventions aimed at improving the ability to 
perform concurrent cognitive and motor tasks, such as patients undergoing rehabilitation or 
individuals at risk of falling, opportunities to practice dual-tasking should be incorporated.  The 
DATSAT training provides a therapeutic intervention that can be easily applied in clinical 
situations to assist individuals learn to perform both a physical and an information-processing 
component simultaneously.     
The improvements seen in the DATSAT can be related to the Fitts and Posner (1967) 
theory of motor skill acquisition.  Initially the physical stepping component of the DATSAT 
required more attention, leaving less capacity for the information-processing component which 
resulted in increased errors and decreased speed.  Over time, the physical stepping component 
required less attention and became automatic leaving more capacity for the information-
processing component with resultant less errors and faster speed. 
Implications for Future Research 
This research has demonstrated that improved performance measures seen with an 
individual with a chronic spinal cord injury and healthy older adults followed a DATSAT 
training schedule that lasted approximately 30 min per session and was performed 3 times per 
week for 6 weeks.  Further research may show that less time, less frequency or less duration may 
be sufficient to get similar results.  Since there are many clinical populations that have problems 
related to decreased balance and decreased force control, it would be interesting to explore the 
use of DATSAT training with groups with stroke, traumatic brain injury and incomplete SCI to 
determine if the same functional improvements are seen.  For clinical populations who have 
impaired information-processing, a modified DATSAT could be performed.  For example, there 
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could be just one target in each non-gray segment reducing the number of possible targets from 
16 to 8 and thus reducing the information-processing load by 50%. 
As a follow-up to the RPE training results of experiment 2 which demonstrated the 
Stepping group used significantly less RPE to achieve better balance and functional results and 
almost similar strength results, it would be interesting to determine if the DATSAT training can 
be used with clinical populations who require strength training or functional re-training but have 
a reduced exertional capacity for traditional training procedures.  Further studies are necessary to 
determine if DATSAT training results can transfer to other divided-attention situations that 
incorporate an information-processing component in real-life settings.   
Conclusion 
In this research, a stepping task was used exclusively as a therapeutic intervention.  Based 
on the results of experiments 1 and 2, it can be concluded that training with a task that provides a 
procedural learning environment can benefit balance and functional outcomes in both healthy 
older individuals and an individual with a chronic incomplete spinal cord injury.  In experiment 
1, it was hypothesized that a procedural learning environment had been established and this was 
substantiated in experiment 2.  The results from experiment 2 indicate that strength and 
endurance may have accounted for some of the improvements seen, but there is sufficient 
evidence that much of the improvement could be accounted for by procedural learning.  In 
experiment 2, training resulted in simultaneous improvements in both the physical and cognitive 
aspects of the task contributing to the sparse literature on training with divided-attention tasks.  
There are immediate clinical applications from this research and future studies may substantiate 
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APPENDIX A.  PROCEDURAL LEARNING AND GROSS MOTOR SKILLS 
  
In a rehabilitation setting, the role of a physical therapist is to return clients to their 
highest level of functioning given the pathophysiological condition that has led to admission in 
such a setting.  Individuals who have sustained a neurologic insult such as a stroke, traumatic 
brain injury, Parkinson’s disease or incomplete spinal cord injury often have balance, motor 
control and coordination impairments that result in decreased functional independence.  
Practicing upright dynamic activities involving the lower extremities is part of the therapeutic 
emphasis aimed at regaining independence in functional mobility such as performing transfers to 
the bed, chair, toilet and car, walking on even and uneven surfaces, and climbing a flight of 
stairs.  These activities are considered gross motor activities since they involve body posture, 
balance, and extremity movements involving large muscle groups (Schmitz, 2001).  Many 
therapeutic tasks used to address decreased balance, motor control and coordination have little 
scientific evidence indicating exactly what is being learned procedurally, that is, what is being 
learned without conscious awareness versus what is being learned with conscious awareness.  It 
is often unclear how the environment can be changed or what instructions or feedback can be 
provided by the therapist to influence what is being learned by the client.  
Purpose and Objectives 
The purpose of this literature review is to explore procedural learning within the context 
of gross motor skill performance and acquisition.  The first objective of this review is to provide 
the relevance of the topic, terminology and definitions, a background into procedural learning 
during fine motor skill acquisition, and a theoretical basis for determining that procedural 
learning occurs during gross motor skill acquisition.  The second objective of this review is to 
explore two paradigms, focus of attention (FOA) and dual-task, within the context of gross motor 
skill performance and acquisition to establish how the environment, instructions and feedback 
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can be manipulated to promote procedural learning.  The third objective is to present procedures 
for implementing procedural learning.  The final objective is to present implications for future 
research.   
Terminology and Definitions 
Procedural learning is a form of implicit learning that falls under the umbrella of motor 
learning.  Schmidt and Lee (2005) describe motor learning as:   
A set of internal processes associated with practice or experience leading to relatively 
permanent changes in the capability for motor skill.  The processes that underlie changes 
in capability – and the nature of the capability itself – are probably highly complex 
phenomena in the central nervous system, such as changes in the ways sensory 
information is organized or changes in the patterning of muscular action.  As such, they 
are rarely directly observable, and one must infer their existence from changes in motor 
behavior. (p. 303)  
In addition to changes occurring within the individual, the motor learning process is a 
search for a task solution that emerges from an interaction of the individual with the task and the 
environment (Shumway-Cook & Woollacott, 2007). 
When assessing changes in motor behavior, it is necessary to differentiate between 
changes in motor performance and motor learning (Schmidt & Lee, 2005, Shumway-Cook & 
Woollacott, 2007).  A change in motor performance is defined as a temporary change in motor 
behavior seen during practice sessions which can be affected by variables including fatigue, 
anxiety, motivation, and administered drugs.  Motor behavior will be different as these 
temporary effects fluctuate.  Conversely, motor learning reflects a relatively permanent change 
with a lasting effect and is determined using retention and transfer tests in motor learning studies. 
Motor learning can be categorized as implicit or explicit.  Whereas explicit learning of a 
motor skill refers to the acquisition of information accompanied by awareness of the learned 
information, implicit learning of a motor skill refers to the acquisition of information without 
awareness of the learned information (Krebs, Hogan, Hening, Adamovich, & Poizner, 2001) and 
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by observing changes in skilled movement relative to some baseline performance (Boyd & 
Winstein, 2003).  In addition, while explicit knowledge can be described verbally or in some way 
that indicates conscious awareness, implicit knowledge is difficult if not impossible to verbalize 
and is generally outside of conscious awareness (Magill, 1998). 
During skillful movement performers demonstrate the ability to consistently and 
efficiently perform a task while adapting to the constraints of the environment (Gentile, 1998).  
Automaticity develops as a consequence of practice and learning and reflects the ability of 
skilled performers to employ higher-order aspects of the task such as planning strategies in sports 
or picking up relevant features of the environment (Schmidt & Lee, 2005).  With automaticity, a 
task can be performed without interference from other mental tasks involving (conscious) 
information-processing activities.  Thus, one way to think of automaticity is with respect to some 
other simultaneous secondary task. 
Procedural learning is a form of implicit learning where skill improves over repetitive 
blocks of trials (Krebs et al., 2001).  For the purposes of this literature review, the term 
procedural learning will be defined according to Shumway-Cook and Woollacott (2001) as 
follows:   
Procedural learning refers to learning tasks that can be performed without attention or 
conscious thought, like a habit.  Procedural learning develops slowly through repetition 
of an act over many trials and is expressed through improved performance of the task.  
Procedural learning does not depend on awareness, attention, or other higher cognitive 
processes.  During motor skill acquisition, repeating a movement continually under 
varying circumstances typically leads to procedural learning.  (p. 30) 
A distinction exists between fine motor skill and gross motor skills.  Whereas fine motor 
skills involve extremity movements utilizing small muscle groups and usually demand a high 
degree of precision, gross motor skills are characterized as involving the large musculature of the 
body and do not require such a high degree of precision (Magill, 1989).  However, it is not 
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always easy to categorize tasks into fine motor or gross motor skills.  For example, pitching a 
baseball involves large muscle groups but also requires a high degree of accuracy.  Using a fine 
motor skill/gross motor skill continuum enables the categorization of tasks that are less straight 
forward such as the baseball pitch which would be more closely related to the gross motor skill 
end of the continuum.  Evidence exists demonstrating procedural learning in fine motor skill 
acquisition and this is illustrated in the next section and provides a background into acquired 
learning without conscious awareness.  
Procedural Learning During Fine Motor Skill Acquisition 
Procedural learning during motor skill acquisition has been demonstrated in the literature 
during acquisition of fine motor skill tasks such as pursuit tracking, computerized games, and 
serial reaction time (RT) tests. 
Pursuit Tracking 
In a study by Pew (1974), participants performed a pursuit-tracking task for 14 days 
completing 24 trials on each day.  The participants used a joystick to follow a waveform 
presented on an oscilloscope.  The waveform consisted of three segments in which the middle 
segment was invariant, whereas the first and last segments were randomly generated on each 
trial.  Even though the middle segment of the task was repeated on every trial, the participants 
were not consciously aware of it.  In 1989, Magill and Hall replicated Pew’s findings, and then in 
1990 Magill, Schoenfelder-Zohdi, and Hall changed the invariant section from the middle 
segment to the first segment and found that the location change of the repeated segment did not 
alter the results (Magill, 1998). 
Computerized Catching Task 
Green and Flowers (1991) used a computerized catching task to identify differences in 
performance produced by providing or withholding explicit task instructions.  The task involved 
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visual tracking of a small ball of light and catching it using joystick manipulation.  When a glitch 
occurred in the descent of the ball, this predicted a 75% probability of a fade to the right in the 
final 300 ms of its descent.  Participants who were not informed of this relationship performed 
the task more accurately than those who were informed.  Green and Flowers proposed that their 
uninformed participants had implicitly learned the glitch-fade relationship. 
Serial Reaction Time Test 
Serial RT tasks have been used to study implicit learning since performance on the task 
reflects procedural learning that draws upon the implicit knowledge of how to do something and 
does not require explicit factual knowledge (Willingham, Nissen, & Bullemer, 1989).  Learning 
in a serial RT task is defined by a shortening of the RT across the sequential blocks, followed by 
a rebound increase in the RT when faced with a random block.  An indication that there has been 
learning related to the execution of the choice RT component of the task, but not to the sequence-
specific knowledge, occurs when RT shortening happens without rebound (Beldarrain, Grafman, 
Pascual-Leone, & Garcia-Monco, 1999).  While acquiring skill in all of these fine motor tasks - 
pursuit tracking, computerized games, and serial RT tests - participants demonstrated improved 
task performance without the ability to verbally describe the knowledge of what had been 
learned.  
Although the above fine-motor skill studies demonstrate procedural learning, it is not 
ideal to extrapolate research findings from fine motor skill acquisition to gross motor skill 
acquisition given the distinction between them.  Exploring procedural learning within a gross 
motor skill context is more directly transferable to a physical therapy arena where individuals are 
attempting to regain independence in gross motor activities such as getting out of bed, 
transferring into a wheelchair, walking down a hall or stepping up and down a curb.  Thus, this 
review is restricted to gross motor skill performance and acquisition.  The following section 
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summarizes theories related to stages of learning motor skills that provide a theoretical basis for 
determining that procedural learning occurs during gross motor skill acquisition.   
Theoretical Basis 
One theory of motor skill acquisition, the Systems three-stage model, stems from 
Bernstein’s translated works in 1967 with the central component of learning a new movement 
skill emphasizing solving the degrees of freedom problem (Schmidt & Lee, 2005, Shumway-
Cook & Woollacott, 2007).  In the first stage, freezing the degrees of freedom, the learner 
attempts to limit the movement of body parts by fixing the angles of many of the joints involved 
in the movement and consequently reducing the available degrees of freedom.  However, these 
constraints decrease the learner’s efficiency of movement and ability to adapt.  In the second 
stage, releasing and reorganizing degrees of freedom, the learner allows movements at more 
joints involved in the task by reducing muscle co-contraction with the movement becoming more 
efficient and adaptable.  In the third stage, exploiting the mechanical inertial properties of the 
limbs, the individual now has released all the degrees of freedom and performs the task in the 
most efficient and coordinated way.  In the third stage, energy costs are reduced or the 
movements can be made faster and more forcefully. 
A second theory of motor skill acquisition, developed by Fitts in 1964 and Fitts and 
Posner in 1967, relates to achievement from an information-processing perspective and describes 
three learning phases involved in the acquisition of complex skills (Gray, 2004; Rosenbaum, 
Carlson, & Gilmore, 2001; Singer, 2002).  During the early phase, also known as the cognitive or 
declarative stage, the basic rules of a task are learned.  In the second intermediate or association 
phase the procedures of the task become more fluent and during the final autonomous or 
procedural phase the procedures become more automatic, and are performed more rapidly and 
with less risk of disruption from outside influences (Gray, 2004; Rosenbaum, Carlson, & 
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Gilmore, 2001; Singer, 2002).  This autonomous stage reflects the automaticity of the skill and 
the low degree of attention required for task completion (Shumway-Cook & Woollacott, 2007).  
Thus, conscious learning prevails at first, with nonconscious performance demonstrated at the 
highest level of proficiency (Gray, 2004; Rosenbaum, Carlson, Gilmore, 2001; Singer, 2002).  
As procedural knowledge develops, skill execution is assumed to operate by fast, efficient 
control procedures that can function largely without the assistance of working memory or 
attention (Gray, 2004).  Thus, the attention mechanisms involved in skill execution seem to be 
one of the most prominent behaviors that distinguish experts and novices (Gray, 2004) with the 
expert being able to devote attention to other aspects of the skill or performing an additional task 
at the same time (Shumway-Cook and Woollacott, 2007). 
The next two theories hypothesize about parallel development of implicit and explicit 
learning processes in motor skill acquisition.  Willingham and Goedert-Eschmann (1999) 
hypothesize that implicit and explicit learning of a sequence in a motor task can occur in parallel.  
While the explicit system demands attention to guide motor behavior, the implicit system, based 
on the behavior guided by the explicit system, learns in the background.  Once the implicit 
system has gained sufficient knowledge the explicit system is no longer needed to guide 
behavior, and the skill can be executed automatically with decreased attention demands.  This 
theory implies that, at least for some skills, implicit learning is the basis for automaticity.  The 
authors suggest that the main characteristic of automaticity is that requirements for attention 
resources are low or absent.   
According to Gentile’s (1998) theory, during the acquisition of a skill, there are two 
learning processes that operate in parallel, change at different rates as a consequence of practice, 
and are differentially accessible to conscious awareness.  The first learning process is explicit 
and is directed towards attaining the action-goal and involves a mapping between the 
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performer’s morphology and environmental conditions.  The performer consciously guides this 
mapping process and is aware of changes in the movement’s shape-structure.  The second 
learning process is implicit and is concerned with the dynamics of force generation.  This is an 
unconscious process in which the production of intersegmental forces involves the interplay of 
active and passive components.  Muscle contraction patterns constitute the active component 
contributing to force production.  The passive component is attributable to external forces that 
involve gravity and motion-dependent joint torques including reactive dynamics, centripetal and 
Coriolis forces.  As a result of explicit learning, the movement’s shape structure stabilizes fairly 
rapidly during practice.  In contrast, change in the organization of force generation, resulting 
from implicit learning, takes place gradually.  It is assumed that the dynamics of force generation 
are organized along optimization principles in that the dynamics evolve towards minimization of 
some cost function, such as minimizing energy, time or the need for information.   
The above theories of motor skill acquisition emphasize that as a result of practice skilled 
performers learn to perform a task efficiently and with decreased attention.  Further knowledge 
of procedural learning in gross motor skills may provide evidence to support or refute specific 
tenets of these theories of motor skill acquisition.  In addition, this knowledge can provide 
information that could have a strong impact clinically on how therapeutic environments are set 
up and what instructions and feedback are provided by the therapist to achieve the desired 
outcomes. 
Within this literature review three categories of motor skills are used to address gross 
motor skill performance and procedural learning:  posture, complex motor skills, and locomotion 
within each of the two research paradigms described earlier.  The posture category refers to 
static/dynamic standing in place or taking a step.  The complex motor skills category refers to 
gross motor tasks that are functionally-related or sports-related, and the locomotion category 
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refers to ambulation and/or running.  Research related to adults in both healthy and clinical 
populations is included since implications for future research could be applied to both groups.  
Healthy older populations and aging populations at increased risk of falls are addressed under 
clinical populations.   
INVESTIGATING PROCEDURAL LEARNING DURING GROSS MOTOR 
SKILL ACQUISITION 
 
Focus of Attention Paradigm 
The instructions given to a learner can influence whether the learner engages in explicit 
or implicit learning (Green & Shanks, 1993).  Typically, instructions or feedback are often given 
that focus the learners on their own body movements such as coordination between several 
different body segments (Maddox, Wulf, & Wright, 1999; Wulf, McNevin, Fuchs, Ritter, & 
Toole, 2000).  This is also apparent in a clinical setting where rehabilitation therapists working 
with clients with neurologic insult have typically used explicit, cognitive-based methods of 
instructions for relearning of motor skills (Doucet & Magill, 2002).  In the FOA paradigm, the 
instructions or feedback provided to learners can have a significant impact on motor skill 
learning (Wulf, McNevin, & Shea, 2001).  An internal FOA occurs when learners are directed to 
focus their attention on their body movements, whereas an external FOA occurs when learners 
are directed to focus their attention on the effects of their movements on the environment, for 
example on the apparatus or implement they are using (Wulf, McConnel, Gartner, & Schwarz, 
2002).  When participants are given instructions to attend either internally or externally, this does 








A number of studies have explored the FOA paradigm using healthy populations 
performing postural tasks.  This section is divided into two segments, studies related to standing 
on an unstable surface and studies related to standing on a stable surface. 
Standing on an Unstable Surface 
The stabilometer, which has a platform that rocks in one plane of motion for a maximum 
deviation of 15 degrees to either side with the goal of maintaining balance and keeping the 
platform in a horizontal position for as long as possible, has been incorporated into several FOA 
studies.  With the horizontal position of the platform representing the zero degrees position, a 
potentiometer attached to the stabilometer is able to determine the root mean square error 
(RMSE) that diverged from zero.   Henceforth, this will be known as the stabilometer task.  In 
order to examine the effects of different types of instructions while learning a novel dynamic 
balancing task Wulf, Hoess and Prinz (1998, Experiment 2) assigned 16 university students to 
either an internal focus or an external focus group.  With their feet uniformly positioned on two 
markers located 8 inches from the midline on either side of the platform, participants performed 
seven 90-s trials over 3 days.  During practice days 1 and 2, instructions for the internal focus 
group were to focus on their feet and attempt to keep them at the same height, while the 
instructions for the external focus group were to focus on the markers and attempt to keep them 
at the same height.  A no-instruction retention test of seven trials was given on day 3.  Following 
practice, both groups demonstrated reductions in RMSE across both days.  At the end of day 1, 
the external focus group had larger errors than the internal focus group, but performances were 
similar at the end of day 2.  At retention, the external focus group demonstrated significantly less 
RMSE than the internal focus group.  In this experiment, although there were no significant 
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differences during performance, the external focus group learned the task better than the internal 
focus group. 
To establish if automatic control processes are promoted more with an external versus 
internal FOA, Wulf, McNevin, and Shea (2001) designed a stabilometer study with 28 university 
students who were instructed to keep their feet, (an internal focus), or the markers, (an external 
focus), horizontal and to respond as rapidly as possible to auditory stimuli.  Root mean square 
error and probe RTs were determined in both practice and retention trials.  Additionally, during 
retention, the mean power frequency (MPF) was determined from the Fast Fourier Transform 
analyses of the waveforms created by the movement of the platform that were capable of 
detecting subtle differences in frequency adjustments.  During practice both groups demonstrated 
improved but non-significant RMSE changes.  However, at retention the external focus group 
recorded significantly smaller RMSE than the internal focus group.  Reaction time for the 
external focus group was significantly faster than for the internal focus group following practice 
and retention indicating that the attention demands were lower for the external group.  With 
regard to the MPF, the external focus group demonstrated higher frequency responses than the 
internal focus group.  Thus, an external focus resulted in high frequency/low amplitude postural 
adjustments, whereas an internal focus led to a slow frequency/high amplitude postural 
adjustments.  By determining the MPF, this study demonstrates one way to monitor internal 
processes during motor skill acquisition.  
Wulf et al. (2001) speculated that in order to maintain a stable posture a delicate balance 
between conscious and automatic processes is required.  When the participant consciously 
intervenes in the control process, this balance can be interfered with or overridden resulting in a 
constraint of the degrees of freedom of the motor system.  There appears to be less of an impact 
when the participants’ attention is focused away from the body and the external FOA may 
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facilitate the effective utilization of the degrees of freedom and the learning benefits associated 
with it.   
To determine if varying the distance of the markers in relation to the performer’s body 
would have an effect on motor learning and internal processes, McNevin, Shea, and Wulf (2003) 
examined RMSE and MPF on the stabilometer task with 40 university students assigned to one 
of four experimental conditions.  Three of the experimental conditions had an external FOA with 
participants instructed to focus on the near, far outside or far inside markers respectively and 
keep them horizontal.  The fourth experimental condition had an internal FOA with participants 
instructed to focus on their feet and keep them horizontal.  All participants performed seven 
practice trials of 90-s duration on practice days 1 and 2 with FOA reminders.  On day 3, a 
retention test consisting of seven trials without reminders was given.  Using an external focus on 
the more remote effects of the action (the far-outside and far-inside markers) resulted in higher 
frequencies of responding and a lower amplitude than focusing on effects closer to the body (the 
near marker) or adopting an internal focus (the feet).  However, these benefits were not apparent 
immediately following practice, but did result in enhanced learning during retention.  Thus, 
focusing on action effects that occur at a greater distance from the body may be more beneficial 
than focusing on effects that are close to the body.   
Based on these findings, McNevin et al., (2003) speculated that the external focus 
instructions reflect a motor system with more effective coupling between the agonist and 
antagonist muscles, and that a disruption in this motor system from an internal focus may lead to 
disrupted movement coordination.  The authors stated that these findings offer support for the 
constrained action hypothesis, which proposes that participants focusing internally actively 
intervene to maintain a postural response more than participants who focus externally which 
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allows the motor system to naturally self-organize.  The RMSE scores reflect better outcomes 
while the higher frequencies of the MPF demonstrate a more automatic strategy. 
In addition to examining the effects of eliciting an internal or external FOA via 
instructions given to the participants, the effects of eliciting an internal or external FOA with the 
addition of feedback given to the participants have also been examined.  In a study by Shea and 
Wulf (1999), 32 novice university students performed the stabilometer task and were divided 
into 4 groups:  no-feedback/internal focus; no-feedback/external focus; feedback/internal focus; 
feedback/external focus.  All groups received FOA instructions; the two internal focus groups 
were instructed to focus on their feet while the two external focus groups were instructed to 
focus on the markers.    The two feedback groups were also presented with identical concurrent 
feedback during each practice trial in the form of two lines on a computer monitor about 1 m in 
front of the performer that represented the deviations of the platform from the horizontal 
position.  The feedback groups were told that the lines represented their feet (internal focus) or 
they represented the lines on the platform in front of their feet (external focus). Two days of 
practice with 7 trials with the appropriate instructions and feedback were followed by a retention 
test on day 3 consisting of 7 trials without feedback or instructions.  In retention, the two 
feedback groups were more effective than the two no-feedback groups, and independent of 
whether or not the groups received feedback, an external FOA enhanced learning.  As a means of 
explaining why the augmented feedback was more influential than the instructions, the authors 
speculated that feedback on the computer monitor, which was a more distant effect from the 
body, might have provided a constant reminder to maintain an external focus. 
The concept of supra-postural activity, the influence of a task or behavioral goal that is 
super-ordinate to the control of posture, was suggested by Riley, Stoffregen, Grocki and Turvey 
(1999) to explain the phenomenon of enhanced balance when focusing on a task other than the 
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postural task.  According to this view, postural control is influenced by the supra-postural goal 
that the individual is trying to achieve.  That is, the constraints imposed by the supra-postural 
task influence postural adjustments so that goal achievement is facilitated.  This concept was 
explored further by Wulf, Weigelt, Poulter, and McNevin (2003) to determine whether the FOA 
on a supra-postural task would affect the performance and learning of a postural task.  In their 
first experiment, Wulf et al., (2003), divided 18 university students into internal and external 
focus groups who performed the stabilometer task while holding a wooden tube, housing a table 
tennis ball, horizontally with both hands.  All participants were instructed to keep the platform in 
a horizontal position while trying to keep the ball in the center of the tube.  Focus of attention 
instructions were to keep the hands (internal focus group) or the tube (external focus group) 
horizontal.  Participants performed 2 days of practice consisting of seven 90-s trials with FOA 
reminders, a retention test on day 3 consisting of four trials without reminders, and three trials in 
a transfer test where the stabilometer task was performed without the tube.  Following practice, 
retention and transfer, the external group had significantly lower RMSE than the internal focus 
group and fewer errors in the supra-postural task.  Thus, an external FOA on the supra-postural 
task enhanced performance on both the supra-postural task and the balance task during practice, 
retention and transfer.  
As a means to determine whether an external focus had enhanced performance or 
whether an internal focus had degraded performance in experiment 1, Wulf et al. (2003) carried 
out a second experiment in which they added a control group that was given no attention focus 
instructions.  With the control group to provide a comparison, the results supported the results of 
the first experiment that adopting an external focus constitutes a performance and learning 
benefit as opposed to an internal focus, which resulted in a performance and learning detriment. 
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In a supra-postural study that assessed changes in internal processes as well as outcome 
measures, Wulf, Mercer, McNevin, and Guadagnoli (2004) assessed performance on both 
postural and supra-postural tasks using RMSE for performance stability and MPF for frequency 
of responding.  In a within-participant design, 32 university students stood on an inflated rubber 
disk and held a PVC pole horizontally in front of them under four experimental conditions:  
Internal focus on the postural task; external focus on the postural task; internal focus on the 
supra-postural task; external focus on the supra-postural task.   For the postural task, the 
instructions were to focus on minimizing movements of the feet for the internal focus condition, 
and to minimize movements of the disk for the external focus condition.  For the supra-postural 
task, the instructions were to hold their hands still (internal focus condition) and hold the pole 
still (external focus condition).  
Regardless of whether attention was directed toward the postural or supra-postural task, 
postural stability (decreased RMSE) significantly improved when participants focused on the 
movement effect (either the disk or the pole), rather than when they focused on the body 
movements (either the feet or the hands).  In terms of the frequency of responding, postural 
adjustments occurred at a significantly higher rate when individuals directed their attention to the 
postural task versus the supra-postural task regardless of whether the attention focus was internal 
or external.  The results of the magnitude of sway of the pole revealed no significant differences 
between an internal or external attention focus when participants focused on the supra-postural 
task or the postural task.  However, the MPF of the pole was higher when participants focused on 
the supra-postural task versus on the postural task and when an external focus was adopted 
versus an internal focus.   
That there were no influences on the sway of the pole (RMSE) as a function of the type 
of task that was attended to or the type of attention focus is in contrast to the results of Wulf et al. 
91 
 
(2003) which found superior supra-postural task performance for the participants who adopted an 
external versus an internal focus on the supra-postural task of maintaining the table tennis ball in 
the middle of a tube.  Wulf et al. (2004) explained these differences on the basis of the nature of 
the supra-postural task.  They proposed that maintaining the pole in a horizontal position was 
less challenging than holding a tube in a horizontal position and attempting to prevent the ball 
inside the tube from touching the ends of the tube.  Another difference between the two studies 
was that one was a learning study (Wulf et al., 2003) while the other (Wulf et al., 2004) was a 
performance study.  
Standing on a Stable Surface 
In a study involving standing on a level surface, Riley et al. (1999) demonstrated that a 
supra-postural task involving light touch of an object led to reduced postural fluctuations.  
Participants stood with eyes closed and were asked to touch a curtain with their fingertips with 
the goal of minimizing movements of the curtain.  Compared to not touching the curtain, the 
participants demonstrated significantly reduced postural fluctuations.  However, when 
participants were told that touching the curtain was irrelevant to the purpose of the study, 
postural sway was the same as when not touching the curtain.  McNevin and Wulf (2002) 
performed a study similar to the one by Riley et al. (1999) but with an explicit attention focus 
manipulation so that they could examine whether the observed increase in postural stability was 
due to the addition of a supra-postural task alone or to the instructions given towards the supra-
postural task.  Using a within-participant design, 19 adults aged 26-54 performed three 30-s trials 
under three experimental conditions: internal focus, external focus, and baseline.  Center of 
pressure (COP) was used to reflect postural control, and the MPF determined the frequency 
characteristics as participants were instructed to stand quietly with eyes closed for all conditions 
and while touching a sheet during the internal focus and external focus conditions.  For the 
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external focus condition, the participants were told, “try to minimize movement of the sheet” (p. 
192); for the internal focus condition they were told, “try to minimize movement of the index 
finger” (p. 192).  For the baseline condition the sheet was placed out of reach of the index finger 
of the participants.   
Postural sway in the baseline condition was significantly smaller than in either the 
internal or external focus conditions, which did not differ from each other.  The MPF was 
significantly higher in the external focus condition than in the internal focus or baseline 
conditions, which did not differ.  Thus, the results in this study differed from the Riley et al. 
(1999) study in which postural sway decreased when holding the curtain.  Although both the 
internal focus and external focus conditions increased the amount of postural sway compared to 
the baseline condition, the MPF results for the external focus condition were significantly 
different from the internal focus condition indicating a different motor control strategy was in 
effect resulting in differences in postural stability.  McNevin and Wulf (2002) suggested postural 
stability was enhanced with an external FOA and compromised with an internal FOA. 
Clinical Populations 
In a study involving individuals with Parkinson’s disease, Landers, Wulf, Wallmann and 
Guadagnoli (2005) used a FOA paradigm to explore the balance responses of 22 individuals aged 
61-86 years with idiopathic Parkinson’s disease who were divided into two groups, non-fallers 
and fallers (at least one unexplained fall within the last year).  Participants performed three 20-s 
trials in three different attention foci segments – baseline; internal focus; external focus - in each 
of three conditions – eyes open, fixed support surface and surround; eyes closed, fixed support 
surface and surround; eyes open, sway-referenced support surface and fixed surround.    The 
instructions for the internal focus segment were to, “stand quietly with your eyes open and 
concentrate on putting an equal amount of force on your feet” (p. 154), while the instructions for 
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the external focus segment were to, “stand quietly with your eyes open and concentrate on 
putting an equal amount of pressure on the rectangles” (p. 154).  No attention focus instructions 
were given for the baseline segment.  Postural sway and the number of falls that occurred during 
testing were recorded.   
With data combined for both fallers and non-fallers, postural sway was the least during 
the eyes-open condition, greater for the eyes-closed condition, and greatest in the sway-
referenced condition.  However, there were no differences based on which attention focus was 
adopted in the combined data for fallers and non-fallers.  When the data from the fallers were 
analyzed separately, the three conditions, eyes-open, eyes-closed and sway-referenced, were 
significantly different from each other in the same sequence as the combined data.  In the sway-
referenced condition, considered the most challenging condition, the external focus instructions 
resulted in reduced sway compared to both the internal focus and baseline segments.  For the 
participants from the fallers group, no falls took place during the eyes-open and eyes-closed 
condition, but there were a number of falls in the sway-referenced condition in the baseline and 
internal focus segments while zero falls occurred with external focus instructions.  Since the 
results showed that the external focus benefits occurred only in the fallers group in the sway-
referenced condition, it is possible that the other conditions were not challenging enough for the 
fallers group and that all conditions were not challenging enough for the non-fallers group.   
In summary, the postural studies exploring a FOA paradigm consistently demonstrated 
that for healthy, novice individuals an external FOA produced better RMSE outcomes than an 
internal FOA.  In addition, it appears that learning was enhanced with an external focus located 
at a further distance away from the body.  These improved outcomes with an external FOA were 
not always evident immediately following practice, but became evident during retention and 
transfer tests.  Several studies demonstrated that MPF can be used to measure internal processes 
94 
 
that change as a result of practice and provide evidence of the type of strategy used.  From the 
studies reviewed an external FOA resulted in a more automatic strategy.  However, results were 
mixed regarding RMSE and MPF responses when a supra-postural task was involved.  When 
applied to a clinical population of individuals with Parkinson’s disease, it appears that for 
performing a postural task an external FOA was useful for the individuals in the fallers group, 
but only when they were placed in a challenging situation. 
Complex Motor Skills 
Healthy Populations 
To examine the effects of different types of instructions during the learning process of a 
complex motor skill, Wulf, Hoess & Prinz (1998, Experiment 1) assigned 33 young adults to one 
of three groups performing a novel slalom ski simulator task with the goal of creating the 
greatest movement amplitude.  During practice, while the control group did not receive any 
instructions, the internal and external focus groups were instructed to exert force on the outer 
foot or the outer wheels respectively of the direction the platform was moving.  The participants 
performed eight 90-s trials on practice days 1 and 2 and six retention trials without instructions 
on day 3.  By the end of practice on day 1, the external focus group had the largest amplitude, the 
internal focus group had the smallest amplitude with the control group in between.  Following 
practice on day 2, the external focus group exhibited significantly higher amplitudes than the 
internal focus group that had significantly smaller amplitudes than the control group.  In 
retention, the external focus group again had significantly higher movement amplitudes than 
both the internal focus and control groups which did not differ from each other.  For this novel 
ski simulator task, the external focus instructions resulted in more effective motor performance 
and learning as reflected in the superior outcome both following practice and retention.   
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To determine if the external focus effect of instructions observed for a laboratory task 
would be maintained when learning a sports skill performed in field-like conditions, Wulf, 
Lauterbach and Toole (1999) assigned 22 university students to either an internal focus or 
external focus group to learn the task of pitching a golf ball at a target.  After the basic technique 
of the pitch shot had been explained and demonstrated, both groups had an opportunity to 
practice their golf swings without hitting a ball.  During this preliminary practice session, the 
internal focus group was instructed to direct their attention toward performing the correct arm 
movements; the external focus group was instructed to direct their attention toward performing a 
pendulum-like motion with the club.  Participants then performed 8 blocks of 10 trials each with 
FOA reminders.  A no-instruction retention test of 30 trials was given the next day.  The external 
focus group was significantly more accurate than the internal focus group both during practice 
and retention in this golf pitch.  The authors concluded that the advantage gained from focusing 
on the movement effects rather than the movements themselves are generalizable to learning 
sport skills under field-like conditions. 
The external focus effect seen in the above study occurred with a closed task, hitting a 
motionless golf ball.  To determine if the FOA effect would also occur for learning an open task, 
Maddox, Wulf and Wright (1999) had beginning tennis players hit down-the-line tennis 
backhands towards a target.  Practice involved performing this task for 6 blocks of 20 trials on 
two separate days.  The external focus group, which was instructed to focus on the target area 
and the arc of the ball after contact, demonstrated greater accuracy than the internal focus group, 
which was instructed to focus on the backswing and the contact point between the racket and the 
ball.  This greater accuracy was seen on day 3 for 20 retention trials and 20 transfer trials in 
which participants hit the ball cross court as opposed to down-the-line.  Even though the 
instructions for the internal focus group could be construed as creating an alternate external 
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FOA, the authors concluded that the external focus instructions resulted in superior learning in 
this open tennis skill. 
Although an external FOA has been shown to be more effective for learning than an 
internal FOA, maintaining an external FOA that is directed toward the effects of the performer’s 
actions rather than an external FOA that is unrelated to the movement could be a critical issue.  
To determine if differences could be established between an external cue that was not related to 
the movement and an external cue focusing of the effects of their movements, Wulf, McNevin, 
Fuchs, Ritter, and Toole (2000) had 36 novice, young adults perform a tennis forehand towards a 
target across the net.  The antecedent group was instructed to focus on the trajectory of the 
approaching ball and to concentrate on the ball until it contacted the racket, while the effect 
group was instructed to focus on the (anticipated) trajectory of the ball and to imagine the ball 
landing on the target.  Participants performed 10 blocks of 10 practice trials with instructions and 
the next day performed a retention test consisting of three 10-trial blocks without instructions.  
Although there was no difference between the groups at the end of practice, the effect group 
performed better than the antecedent group in retention, which suggested that the critical issue 
was not just maintaining an external focus, but that the external focus can be more beneficial if it 
is directed toward the effects of the performer’s actions.  In this study the external focus that was 
more distant from the body was more effective in learning. 
In experiment 1, focusing on effects after the movement finished resulted in superior 
learning.  In experiment 2, Wulf et al. (2000) speculated that focusing on the effects of their 
movements that are related to the movement pattern may result in more effective performance 
and learning than focusing on the effects after the movement is finished.  Twenty-six novice 
young adults divided into two groups were required to hit golf balls towards a target with one 
group, the club group, instructed to focus on the pendulum-like swing motion of the club and the 
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other group, the target group, instructed to anticipate the ball’s arc and imagine the ball landing 
on the target.  Eighty practice trials were performed with instructional cues and the next day 30 
trials were performed with instructions.  The club group had better accuracy following practice 
and retention compared to the target group.  In this study the external focus that was further from 
the body was less effective for performance and learning.   
After reviewing a number of FOA studies, Wulf and Prinz (2001) suggested two tentative 
principles to guide performers on where to focus their attention in order to optimize 
performance:   
The first principle is that the effect that the performer focuses on should be as remote as 
possible.  The second principle, which appears to contradict the first principle, is that the 
effect should be related as closely as possible to the action that produced it. (p. 656) 
Wulf and Prinz (2001) go on to state: 
The most effective attention focus would appear to be one that represents a compromise 
between the two principles outlined above, with an optimal focus being directed to an 
effect that is as remote as possible but can still be related to the movements that caused it. 
(p. 656)  
The studies in the previous section of complex motor skills demonstrate motor learning 
as implied by improvements in outcome measures.  Several studies have used electromyographic 
(EMG) activity to explore internal processes within the FOA paradigm in healthy populations 
using complex motor tasks.  Since electromyography records muscle contraction patterns, it is 
reasonable to assume that changes seen in the muscles could be related to an implicit process 
particularly if the environment and the instructions and feedback given to learn the task have 
been designed to promote procedural learning.     
Based on information by Rutherford and Jones in 1986, Lorenzo, Ives, and Sforzo (2003) 
state that, “Change observed in EMG activity after strength training may indicate that individuals 
implicitly learn to increase motor unit firing rates, increase motor unit recruitment, and improve 
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motor coordination” (p. 141).  Lorenzo, et al. (2003) designed a study to determine if strength 
and associated EMG activity during maximal knee extension efforts would be affected by 
teaching individuals neuromuscular anatomy and physiology for use in imagery.  In this study, 
16 university students performed pre and posttest data over 4 days consisting of five maximal 
isokinetic repetitions at speeds of both 60 and 240 deg/s each session while surface EMG activity 
of the right quadriceps was monitored.  The intervention included two 1 hr educational sessions 
about components of fitness for the control group and about anatomy and physiology of the 
quadriceps muscle for the treatment group.  Prior to each strength training session, the 
instructions were, “reflect on what you learned… and think about how anything that you learned 
may be applied today.  Concentrate and work as hard as you can” (p. 143).   In the 60 deg/s 
condition, peak torque was significantly greater than in the 240 deg/s condition.  However, there 
were no significant interactions or main effects for peak EMG amplitude.  These results 
indicated that the education and imagery treatment had no effect on strength or EMG activity.  
The authors concluded that either the knowledge given was simply not relevant to knee 
extension-force production or that this knowledge created a disadvantageous internal FOA away 
from the relevant task demands.  However, the results do not seem surprising given that there 
was very little time given to see strength changes, but more importantly, the experimenters were 
attempting to teach something inherently implicit using explicit knowledge. 
In a study that examined EMG activity as a function of the performer’s FOA, Vance, 
Wulf, Tollner, McNevin, and Mercer (2004) wanted to identify if performance differences would 
be observed at a neuromuscular level for internal versus external focus conditions.  In the first 
experiment, which used a within-participant design, 11 young adults performed biceps curls in 
standing under both internal and external focus conditions.  Two sets of 10 repetitions with FOA 
reminders were performed with the weight estimated at 50% bilateral maximal force while 
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monitoring biceps and triceps EMG activity.  The instructions for the internal focus condition 
were to concentrate on their biceps muscles while the instructions for the external focus 
condition were to concentrate on the curl bar.  Although movements were performed 
significantly faster under the external focus condition versus the internal focus condition, range 
of motion (ROM) was significantly decreased in the external focus condition.   The total 
integrated EMG activity of both the biceps and triceps was consistently higher under the internal 
focus compared to the external focus condition.  When analyzing the flexion and extension 
phases separately, integrated EMG was significantly greater under the internal compared to the 
external focus condition for both the biceps and the triceps.  The authors concluded that since 
total integrated EMG activity was less in the external focus condition, movement economy was 
greater when an external focus was adopted.  However, the authors were disconcerted that ROM 
was decreased under the external focus condition.  
In an attempt to keep movement time constant and minimize the disparity of the ROM 
findings in experiment 1, Vance, et al. (2004) had twelve university students participate in an 
identical study to experiment 1 except that they were instructed to synchronize their curls with a 
metronome.  Using this methodology, no significant differences were found for movement time 
and ROM between the two conditions.  Since the results showed reduced integrated EMG 
activity under external versus internal focus conditions which was significant for biceps activity 
during flexion, the authors stated that adopting an external focus resulted in the production of 
more economical movements than adopting an internal focus and indicated a greater degree of 
automaticity.  This occurred even though the participants’ attention capacity was taxed more in 
this experiment since they also had to pay attention to the metronome.  However, since the 
present study did not include a control condition, it is unclear whether an external FOA resulted 
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in a reduction of muscular activity or whether the internal FOA led to an increase in activity as 
compared to a no-attention-focus condition.    
Unlike the Vance et al. (2004) study, which did not involve a task with measurable 
outcomes in terms of movement accuracy, Zachry, Wulf, Mercer, and Bezodis (2005) examined 
whether external focus versus internal focus EMG activity differences would also be found in 
tasks with a clear goal and measurable outcome.  Using a within-participant design, 14 university 
students with basketball experience performed two sets of 10 trials of basketball free throw shots 
with FOA reminders under both internal and external focus conditions while EMG recordings of 
biceps, triceps, deltoid, and flexor carpi radialis muscles of the shooting arm were taken.  The 
instructions for the internal focus group were to concentrate on the snapping motion of the wrist 
during follow-through of the free throw shot, while the instructions for the external focus group 
were to concentrate on the center of the rear of the basketball hoop.  Shot accuracy was scored 
on a 0 -5 point range.  Free throw accuracy was significantly higher for the external focus 
condition versus the internal focus condition, and while EMG results showed no significant 
difference in the flexor carpi radialis or deltoid muscles, EMG activity of the biceps and triceps 
muscles was significantly lower for the external focus condition compared to the internal focus 
condition, reflecting a greater economy of movement production.  This study illustrates the 
relatively strong and immediate effect on performance, as demonstrated by increased accuracy, 
and motor control, as indicated by decreased EMG activity, elicited by an external FOA on a 
complex motor skill in individuals with task-related experience.  The authors speculated that by 
concentrating on the snapping motion of the wrist in the internal FOA condition, the motor 
system was constrained leading to a freezing of the neuromuscular degrees of freedom which 
hampered fine movement control and made the outcome less reliable. 
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In the stabilometer task, feedback with FOA reminders was found to demonstrate greater 
learning than FOA instructions alone (Shea & Wulf, 1999).  To determine if feedback with FOA 
reminders could be useful for learning a sport skill, the volleyball tennis serve, and to determine 
if the performer’s level of expertise would be affected by the type of feedback given, Wulf, 
McConnel, Gartner and Schwarz (2002) divided 48 students aged 15-30 years into four groups 
based on their level of experience with the task (novice versus expert) and the type of feedback 
they received (internal focus versus external focus).  Movement outcome was determined from 
an accuracy score in hitting a target and expert ratings were used to determine movement quality.  
Participants completed 25 trials on 2 practice days held one week apart and 15 trials on a 
retention test one week later.  All participants received instructions describing or reviewing the 
basic technique of the volleyball tennis serve and were given feedback during the practice trials 
regarding their performance.  The feedback content was similar for both groups but the 
statements given to the internal focus groups referred to the performer’s own movements 
whereas the statements given to the external focus groups referred to the movement effects.  
Following practice all groups consistently improved their accuracy, the advanced players 
scored higher than the novices, and the groups with external focus feedback were more accurate 
than the groups with internal focus feedback.  From a movement quality perspective, the 
advanced players were superior to the novices as were the external focus groups compared to the 
internal focus groups.   During retention, the advanced players again had significantly higher 
accuracy scores than the novices and the external focus groups had significantly higher scores 
than the internal focus groups.  The advanced groups were again superior to the novices in 
movement quality, but there were no significant differences between the internal and external 
focus groups.  Thus, although the benefits in accuracy for the external focus versus the internal 
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focus were permanent as indicated by the differences noted in retention, the movement quality 
differences were temporary as indicated by the absence of differences in retention. 
In a second experiment Wulf et al. (2002) explored the effects of feedback frequency and 
feedback type on FOA to determine if the results from experiment 1 could be generalized to a 
different task, the lofted soccer pass.  In this study, 52 right-foot dominant young adults with 
soccer experience were assigned to one of four groups:  External focus feedback, 100% 
frequency; external focus feedback, 33% frequency; internal focus feedback, 100% frequency; 
internal focus feedback, 33% frequency.  During the 30 practice trials, feedback was given after 
every trial for the 100% frequency condition and after every third trial for the 33% frequency 
condition either referring to the performer’s own movements (internal focus group) or to the 
movement effects (external focus group).  Movement outcome was determined from the 
accuracy in hitting a target 15 m away.  A 10 trial retention test was performed one week later 
without feedback. 
Following both practice and retention, independent of feedback frequency, the two 
groups with external focus feedback were more accurate than the two groups with internal focus 
feedback.  Under internal focus feedback conditions, the 33% frequency group was significantly 
more accurate than the 100% frequency group, whereas under external focus feedback 
conditions, the 100% frequency group was more accurate than the 33% frequency group 
although not significantly so.  
Thus, the results demonstrated that under internal focus conditions, reduced feedback 
would be more beneficial, but under external focus conditions frequent feedback would be at 
least as effective as reduced feedback.  Wulf et al. (2002) believed that the findings from these 
two studies using the volleyball tennis service and the lofted soccer pass appear to be at odds 
with the current predominant guidance view of feedback, namely the guidance hypothesis.  The 
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guidance hypothesis (McNevin et al., 2003) states that performance during practice should be 
more effective with frequent feedback compared to less frequent feedback because it encourages 
learners to attend to their own movements.  However, from an attention-focus point of view, less 
internal focus feedback should be more effective than more internal focus feedback since the 
negative effects of that type of feedback should be alleviated if it is provided on only a portion of 
trials.  Thus, the present results may shed new light on the role of feedback for motor learning. 
Clinical Populations 
Dean and Shepherd (1997) monitored outcomes and internal processes in 19 poststroke 
participants who were organized into experimental and control groups and performed seated 
reaching tasks.   The experimental group performed 10 training sessions over a 2-week period 
with emphasis on loading of the affected leg while reaching to grasp objects placed beyond 
arm’s length with the unaffected hand under a variety of progressively difficult conditions.  
Participants were given feedback about their performance and encouraged to perform the tasks 
faster.  The control group performed an equal number of reaching movements with the 
unaffected arm all within less than one arm’s length during supported sitting while completing a 
cognitive-manipulative task under progressively difficult conditions.  During pre and posttesting 
ground reaction forces and EMG activity of the vastus lateralis, anterior tibialis and soleus were 
monitored bilaterally during seated reaching tests with instructions to reach for the glass and 
drink from it.  The glass was positioned in three directions:  forward, 45 degrees to the 
unaffected side, and 45 degrees to the affected side.  Ground reaction forces were also monitored 
during the sit-to-stand transition.   
In the posttest, the participants in the experimental group performed significantly better 
than the control group on the maximum reaching tasks in all directions.  From pre to posttest, the 
experimental group performed better on all the reaching variables including the movement time 
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of the reach, whereas the control group did not show improvements.  The experimental group 
increased their peak vertical ground reaction forces through the affected foot in the forward and 
across conditions posttraining.  Compared to the control group, the experimental group was able 
to activate the vastus lateralis, the anterior tibialis and the soleus muscles in the affected leg in 
more trials at posttest particularly in the forward and across conditions.  In addition, there was a 
significant difference between groups in the anterior tibialis and soleus muscle activation in the 
forward direction.  The ground reaction forces and EMG findings demonstrate that individuals 
with a stroke can be trained to use their affected lower limb more actively when reaching beyond 
arm’s length. 
Although the Dean and Shepherd (1997) study was not presented as a FOA study, given 
that the instructions for the participants in the experimental group were to reach for and drink 
water from a glass under various conditions, it can be argued that their attention was always 
directed towards the effects of their movements on the environment which would imply an 
external FOA.  The functional goal and explicit component of the task was reaching to grasp an 
object.  The therapeutic goal and implicit component of the task was to increase force production 
in the impaired lower limb to provide support reaching farther and faster.  This was achieved as 
evidenced by the increased ground reaction forces and EMG activity in the lower extremities 
during the reaching tasks and during the sit-to-stand transition.  
In another study (Doucet & Magill, 2002) that did not use a specific FOA paradigm but 
encouraged an external FOA, seven post-CVA clients were trained in a symmetrical sitting 
posture task using two intervention techniques, one emphasizing implicit learning strategies, and 
the other explicit learning strategies.  Both groups demonstrated a highly asymmetrical sitting 
posture at the pretest as determined by a pressure mapping system.  The implicit group 
intervention was to reach forward for a cup of water at a table in front of the sitting surface and 
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replace it using forward, left, and right excursions of the trunk.  During the intervention, the 
implicit group did not receive any visual feedback from the pressure reading.  In addition, 
members of the implicit group had no knowledge of the goal of the task and limited therapist 
interaction.  The explicit group performed a similar task to the implicit group, but the explicit 
group received visual feedback from the pressure reading.  Also, members of the explicit group 
were informed of the goal of the task, and received verbal and tactile assistance of the therapist.  
Both groups became more symmetrical post intervention and the authors concluded that an 
implicit learning strategy is very useful for individuals with a CVA, particularly those with 
cognitive and learning deficits, to relearn functional activities.   
To summarize the FOA paradigm using complex motor skills in healthy novice 
populations, an external FOA was found to be superior to an internal FOA in terms of outcomes 
including movement amplitude and accuracy in a variety of sports from a laboratory ski 
simulator task to a closed golf task and an open tennis task.  Sometimes these external focus 
benefits were seen immediately, but other times they were delayed.  Comparing different 
external foci, an important issue appeared to be that attention was directed toward the effects of 
the performer’s actions.  The distance of the external focus again played a role, with a focus that 
was further from the body being more effective in a tennis task, but less effective in a golf task.  
In this complex skill section, EMG was a method used to examine internal processes that 
changed as a function of FOA.  In several performance experiments, greater movement economy 
as determined by decreased EMG output was evident immediately even in experienced 
performers.  Feedback given with an external focus was found to improve learning with both 
novice and expert players in both a volleyball and a soccer task.  In two studies using a CVA 
clinical population, practice of a complex task with an indirect external FOA led to positive 
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outcome changes during functional activities and led to changes in internal processes as 
measured by EMG ground reaction forces and a pressure mapping system. 
However, Gray (2004) cautions that a major limitation of the FOA approach is the lack of 
formal checks to determine if the performers actually used the intended attention focus.  Further, 
Gray states it is difficult to study the effects of expertise under a FOA paradigm as a highly 
skilled performer with a well-developed strategy is unlikely to actually follow the experimental 
instructions.  Conversely, although the above studies did not use formal methods to ensure the 
participants complied with a particular FOA condition, the results are very consistent in favor of 
improved outcomes with an external FOA even with an expert population. 
For the motor learning studies reviewed in the postural and complex motor skills 
categories using a FOA paradigm, an external focus consistently led to improved outcomes 
compared to an internal focus as measured by RMSE, movement amplitude, accuracy and 
functional status.  Although internal processes associated with motor learning are difficult to 
observe and are implied from changes in motor behavior, a number of studies within the FOA 
literature review found ways to monitor the internal processes including MPF, EMG, ground 
reaction forces and pressure mapping.  With this information added to the outcome measures, 
authors were able to make inferences about whether the learners were using an automatic 
strategy versus a constrained strategy.  From these studies, it is not known whether the 
participants were consciously aware of the learned information.  However, the internal processes 
that were monitored are generally not subject to conscious awareness demonstrating that implicit 
learning did take place.  Using an external FOA during practice led to increased efficiency of 
movements and indicates decreased attention requirements.   Since procedural learning develops 
through repetition and can be performed without attention or awareness of the learned 
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information and is expressed through improved performance, it is apparent that an external FOA 
promotes procedural learning.  
Dual-task Paradigm 
In the FOA paradigm, the interest regarding attention was how focusing attention toward 
a specific source of information effected movements during motor skill acquisition (Schmidt & 
Lee, 2005).  The attention issue in the dual-task paradigm is how various sources of information 
in the environment effect attention which subsequently effects movement.  In studies of motor 
behavior, dual-task paradigms can be used to evaluate among other things the level of 
automatization and the assessment of motor learning processes (Ebersbach, Dimitrijevic & 
Poewe, 1995).  Within dual-task experiments, participants are required to perform two tasks 
simultaneously, a primary task and a secondary task.  Generally, the attention demand of the 
primary task is of interest.  A decline in performance may be seen in the primary task, the 
secondary task or both compared to single-task performance and implications regarding the 
automaticity of tasks may be inferred.  The secondary tasks can be continuous, performed 
throughout the duration of the primary task, or discrete such as a probe presented at various 
times as the primary task is performed.  The probe calls for a quick response via an effector such 
as hands or voice not involved in the main task.  Coordination is required when both the primary 
and secondary tasks include motor skills.  The dual-task paradigm assumes that attention 
capacity is finite.  Thus, if the capacity required for the primary task is low, then the capacity for 
the secondary task will be higher leading to faster responses.  If the primary task is very 
demanding, then the processing for the secondary task will be slow.  With the probe stimulus, 







Standing on an Unstable Surface 
In a performance study that examined postural sway while varying the difficulty level of 
a cognitive concurrent task, Pellecchia (2003) had 20 young adults perform the primary task of 
standing with feet together on a dense foam pad.  Postural sway was measured under four 
experimental conditions with an increasing level of difficulty based on the attention demands of 
the cognitive activity:  quiet standing; standing combined with digit reversal in which the task 
was to reverse the order of a given pair of digits; standing and two-bit classification in which the 
task was to combine two single digits into a double-digit number and categorize that number as 
“high” greater than fifty or “low” less than fifty and odd or even; standing and counting 
backward by threes in which the task was to take a randomly given three-digit number and count 
backwards by threes.    
The participants practiced the three cognitive tasks for at least 15 s in a seated position 
and then performed two 30-s trials of each condition.  The counting backwards condition was the 
most attention demanding of the cognitive activities and resulted in significantly greater postural 
sway than the other three experimental conditions.  There was a significantly higher error rate of 
the cognitive task for the counting backwards condition than the digit reversal and two-bit 
classification conditions.  This study demonstrates how an attention-demanding cognitive task 
can lead to decrements in performance in both the primary and secondary tasks.  
As a means of improving dual-task ability, Pellecchia (2003) predicted greater 
improvement in a dual-task would be achieved if both tasks were practiced at the same time 
rather than practicing each task separately.  In a learning study, Pellecchia (2005) compared the 
impact of a cognitive task on postural sway before and after dual-task training.  The participants 
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were 18 adults aged 18- 46 years assigned to one of three groups:  no-training, single-task 
training or dual-task training.  The single-task and dual-task training groups underwent three 
individual training sessions on three different days.  The single-task group practiced the 
cognitive task, counting backwards by threes, for five 30-s trials in a seated position and then 
performed five 30-s trials of quiet standing on the foam mat in the standard position.  The dual-
task group performed five 30-s trials of the postural and cognitive tasks concurrently.  All 
participants performed three 30-s trials during postural sway pretesting and posttesting 1 week 
later under both single-task and dual-task conditions.  
Pretest data confirmed no initial differences in postural sway between the three groups.  
All groups demonstrated greater postural sway under dual-task than single-task conditions 
initially.  The posttraining results demonstrated greater postural sway under dual-task conditions 
than under single-task conditions for the no-training and single-task training groups.  However, 
following training, the dual-task training group did not have any differences in postural sway 
under the dual-task or single-task condition.  Thus, practicing under dual-task conditions resulted 
in the ability to perform a secondary task without detriment to the primary task.  Although the 
number of responses on the cognitive task was greater during posttest sessions than during 
pretest sessions, there were no posttest group differences on error rate and the number of 
responses.  Pellecchia (2005) suggested that in interventions aimed at improving the ability to 
perform concurrent cognitive and motor tasks, such as patients undergoing rehabilitation or 
individuals at risk of falling, opportunities to practice dual-tasking should be incorporated.  
Standing on a Stable Surface 
In another performance study that compared differences in posture under several different 
upper extremity conditions with and without the addition of a cognitive component, Morioka, 
Hiyamizu, and Yagi (2005) had seventeen young adults perform three different tasks with their 
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arms while standing with shoulders flexed to 90 degrees, elbows extended and forearms in a 
mid-position.  The instructions during all the tasks were to, “please stand while swaying as little 
as possible” (p. 216).  The first task was to hold a 100 g weight in each hand (no mental task).  
The second task was to hold a tray with both hands with a 200 g weight on the tray (tray-holding 
task).  The third task was to hold a tray with both hands with a cup filled with water weighing 
200 g on the tray (mental task) with the instructions, “Don’t spill a drop” (p. 216).  These three 
tasks were performed in 30-s trials under two different foot positions:  feet together, feet in 
tandem, and under two visual conditions:  eyes open, eyes closed. 
In the conditions with eyes open and feet together, with eyes open and feet in tandem, 
and with eyes closed and feet in tandem, postural sway was significantly reduced during the 
mental task (tray with water) compared to both the no mental task (holding 100 g weights) and 
the tray holding task (tray with weights).  In the eyes closed and feet together condition, postural 
sway was significantly reduced during the mental task (tray with water) compared to the no 
mental task (holding 100 g weights).  The authors state that the addition of a mental task reduced 
postural sway by forcing the participants to consciously concentrate attention on maintaining the 
tray in a horizontal position, thus changing postural control from an essentially unconscious 
process to a conscious process, and suggesting that standing postural balance could be further 
improved by seeking such conscious control.  This interpretation by Morioka et al. (2005) is very 
different from the interpretation from a FOA standpoint.  The instructions, “please stand while 
swaying as little as possible,” suggest an internal FOA which would result in a less automatic 
(more conscious) response whereas the instructions, “Don’t spill a drop,” suggest an external 
focus which would result in a more automatic (less conscious) response.  In addition, by 
considering the task of holding the tray with water on it as a supra-postural task, attention 
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focused there could influence the postural responses leading to a decrease in postural sway as 
seen in the Wulf et al. (2003) study using the table tennis ball in a tube as the supra-postural task.    
Clinical Populations 
Standing on an Unstable Surface 
Since a decline in performance of the primary task, the secondary task or both are 
possible during dual-task situations, research related to dual-task situations with populations at 
risk of falling has been studied with the intention that identifying individuals at risk of falling is a 
step towards reducing the number of falls from occurring.  To determine if incorporating a 
cognitive task while performing balance measures on a force platform would result in a clearer 
distinction between groups than if the balance measures were performed without the cognitive 
task, Condron and Hill (2002) compared 3 groups of 20 each:  healthy younger, healthy older, 
and mild increase in falls risk (one or more falls in the previous 12 months) with mean ages of 
26.4, 73.8 and 74.8 years respectively.  In a position of feet together looking ahead at a circle 2 
m ahead, participants performed the primary task of maintaining balance on a moveable platform 
that could be stable, tilt from side-to-side or tilt forward and backward.  Counting backwards by 
threes was the secondary task.  Two task conditions, single-task and dual-task, were completed 
in each platform condition for a total of six 25-s trials.  In the single-task condition, the 
participants were told in advance what the platform was going to do and they were told to keep 
steady, and for the dual-task condition the secondary task was added.   
All three groups demonstrated an increase in postural sway from the single-task to dual-
task conditions.  Compared to the healthy younger group, the healthy older group significantly 
increased postural sway on the dynamic platform in both the forward-backward condition and 
the side-to-side condition in both the single-task and the dual-task conditions.  The mild increase 
of falls risk group increased postural sway more than the healthy older group on the stable 
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platform in both the single-task and dual-task conditions and on the dynamic platform in the 
forward-backward direction in the dual-task condition.  The mild increase of falls risk group 
increased postural sway more than the healthy younger group on both the stable and dynamic 
platforms under both single-task and dual-task conditions.  On the dynamic platform in the 
forward-backward direction, the healthy young group was the least affected by the secondary 
task whereas the mild increase in falls risk group was the most affected by the secondary task.  
The authors suggested that since differences in performance were found between all three groups 
in the dynamic forward-backward tilting condition with a secondary task, this condition most 
effectively discriminated between the three groups and thus may be useful in detecting people at 
risk of falling. 
Rather than using a discontinuous cognitive task, Norrie, Maki, Staines, and McIlroy 
(2002) used a continuous cognitive task to accurately determine the timing of attention shifts 
associated with compensatory balance control.  Six healthy, young adults performed the primary 
task of standing on a platform which moved in a horizontal motion either forward or backward 
while EMG recordings of the bilateral medial gastrocnemius and tibialis anterior were recorded.  
The instructions for all trials were to stand as still as possible.  The continuous secondary task 
was a visuomotor tracking task.  The instructions for the dual-task condition were to track the 
target as accurately as possible while maintaining an upright posture. 
A profound deviation in the tracking performance was noted in 83.8% of the dual-task 
trials after the postural perturbation compared to tracking behavior before the perturbation.  The 
deviation in visuomotor tracking in 77.4% of these trials was characterized as a pause or an 
absence of tracking which occurred well after the onset of the balance reaction evoked by the 
perturbation.  In the trials that demonstrated a pause during tracking, the average onset of EMG 
activity from the tibialis anterior or the medial gastrocnemius occurred at a latency of 144 ms 
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following the onset the perturbation, whereas the pause in tracking occurred at 479 ms following 
the onset of the perturbation.  The pause lasted for 302 ms on average.  The authors concluded 
that the initial balance response is automatic and initiated with minimal cognitive input, whereas 
cognitive involvement in the control of balance does not occur until several hundred ms later.  
As individuals prioritized the task of maintaining upright stability, a change in cognitive task 
performance was observed representing a reallocation of cognitive resources.  In this study, the 
combination of monitoring internal processes (EMG) and outcomes (tracking task) led to 
conclusions about when automatic and non-automatic responses occurred. 
As a means of monitoring internal processes during posture, comparing younger and 
older adults perform under single-task conditions and in conjunction with a subtraction cognitive 
activity, Rankin, Woollacott, Shumway-Cook, and Brown (2000) collected EMG activity of the 
gastrocnemius and the tibialis anterior muscles.  No participant had a history of falling more than 
twice in the previous six months.  The primary postural task was to stand on a platform that 
moved 15 cm backwards and respond to external disturbances at different movement velocities 
with the instructions to try to maintain balance without taking a step.  Only data from 
participants who used an ankle strategy at 20 and 30 cm/s movement velocities were selected for 
data analysis (six older adults aged 74-87 years and seven younger adults aged 20-36 years).  
Participants performed six trials (3 single-task and 3 dual-task) at each perturbation condition 
with data collected over an 8-s interval and plate movement beginning 4 s after the start of data 
collection.   
The results for the muscle onset latencies in both the single-task and the dual-task 
conditions showed that the gastrocnemius and the tibialis anterior were significantly slower in 
the older adults than the younger adults.  In both the older and younger groups, onset latency of 
both the gastrocnemius and the tibialis anterior muscle responses did not change under dual-task 
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conditions.  In contrast, muscle response amplitude was affected by attention load.  When data 
for the younger and older adults were considered together, there was a reduction in muscle 
response amplitude in the dual-task versus the single-task condition in both the agonist 
(gastrocnemius) muscle between the 350-500 ms time interval and in the antagonist (tibialis 
anterior) muscle between the 150-500 ms time interval.  Comparing the younger and older 
adults, the muscle response amplitude for the gastrocnemius muscle between 350 to 500 ms 
showed that the older adults had a significantly greater reduction in EMG activity than the 
younger adults.  The authors correlated the reduced muscle response amplitude in the dual-task 
condition to a decrease in attention processing capacity with the consequence of a negative 
balance response.  
To compare older healthy adults to older adults with balance impairments, Brauer, 
Woollacott and Shumway-Cook (2001) examined non-stepping performance on a very similar 
primary postural task to the Rankin et al. (2000) study with the exception that the data examined 
were from perturbations at a lower velocity, 10 cm/s.  The participants were community-
dwelling adults older than 65 years old divided into 15 members of an older healthy group, who 
scored 51 or greater on the Berg Balance Scale, and 12 members of a balance-impaired older 
group, who scored 50 or less on the Berg Balance Scale.  An auditory choice RT task was the 
secondary task and the participants were to respond as quickly and accurately as possible.  
Platform movement occurred within 40 ms of the auditory tone.  Participants performed 3 trials 
during the single-task and 3 trials during the dual-task.  EMG recordings were taken bilaterally 
on the agonist muscle, the gastrocnemius, and the antagonist muscle, the tibialis anterior, and the 
EMG onset time and the magnitude of muscle activity were determined.  A ratio of the muscle 
activity from the two muscles determined an index of distal coactivation.    
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The EMG results showed that the onset of the gastrocnemius was slower in the balance-
impaired group versus the healthy group.  However, there were no differences in onset times 
comparing the single-task to the dual-task conditions indicating that the onset latency of the 
neuromuscular response was not affected by the secondary task.  Looking at the EMG magnitude 
of the gastrocnemius for 100 ms from the onset of activity, the balance-impaired group had 
significantly lower response amplitudes than the healthy older group.  There were no differences 
in gastrocnemius EMG magnitude comparing performance in single-task versus the dual-task 
conditions.  In the single-task and dual-task conditions, there was a significant difference in the 
coactivation level between groups.  The balance-impaired group had greater coactivation in both 
the single-task and dual-task conditions than the healthy group but the coactivation was 
equivalent in both conditions.  However, the healthy group demonstrated significantly greater 
coactivation in the dual-task than the single-task condition.  Unlike the findings from the Rankin 
et al. (2000) study, the dual-task condition in this study did not affect the EMG onset latency or 
magnitude.  The authors suggest that the difference may be that the auditory RT task used in the 
Brauer et al. study was not as attention demanding as the math task used in the Rankin et al. 
(2000) study.  The perturbation velocity of the platform was another difference between these 
two studies.    
Unlike the previous study that examined an in-place response, Brauer, Woollacott, and 
Shumway-Cook (2002) conducted a dual-task study similar to the Brauer et al. (2001) study in 
which the two concurrent tasks were to maintain upright stability during a backward platform 
perturbation and to respond verbally to an auditory choice RT stimulus.  This study examined a 
compensatory stepping response and included data from all of the perturbation velocities.  In 
addition, a younger adult group was added for comparison to the balance-impaired group and the 
healthy elderly group.  The responses to the auditory tone synchronized with platform movement 
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and the one immediately following were investigated.  Three groups participated: 15 members of 
the healthy, older group, 13 members of the balance-impaired group and 15 members of the 
young, healthy adult group.    The older participants were again divided based on the same 
criteria on the Berg Balance Scale.  For all the trials, the instructions were to keep their feet in-
place and to avoid taking a step or grasping for the handrail of the assistant.  In response to the 
cognitive task, participants were told to respond as quickly and accurately as possible.  The first 
postural response after the platform perturbation was categorized into an in-place, step or grasp 
response.  Surface EMG was recorded bilaterally on the medial gastrocnemius and the gluteus 
medius. 
All the groups demonstrated longer RTs in the dual-task versus the single-task condition.  
The balance-impaired older group demonstrated longer RTs than the young adult group and the 
healthy older group who did not differ.  The authors state that it is likely that the balance-
impaired older group prioritized balance recovery over responding to the auditory tone.  
Accuracy of the cognitive response decreased as perturbation velocity increased.  Onset latency 
of the gastrocnemius was delayed in all groups while EMG magnitude of the gastrocnemius was 
reduced in both the healthy older group and the balance-impaired older group when comparing 
the dual-task condition to the single-task condition.  
Standing on a Stable Surface  
While the Brauer et al. (2002) study examined a compensatory stepping response, Melzer 
and Oddsson (2004) examined whether an attention-demanding cognitive task would delay the 
execution of a voluntary step performed in three different directions forward, sideways and 
backward as quickly as possible in response to a tap cue on the heel of the preferred stepping 
foot.  This study compared a group of 66 healthy older individuals aged 65-90 years to a group 
of 12 healthy younger individuals aged 20-39 years.  The healthy elderly were required to be 
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independent ambulators and to score greater than 45 on the Berg Balance Scale.  Three trials 
were performed in each direction under single- and dual-task conditions.  For the single-task 
condition, the participants stood and viewed a target on a wall 3 m away while for the dual-task, 
the participants stood and performed a modified Stroop test projected onto the wall 3 m away 
which consisted of seeing 25 colored words representing color names that were different from 
the printed colors.  The cognitive task was to name the colors of the inks as quickly as possible 
until the end of the trial. 
There were significant differences between the younger and older group across all the 
step parameters and step directions under both single-task and dual-task conditions.  Step 
initiation times were 65-73 ms longer for the older group than the younger group in the single-
task condition and 177-312 ms longer in the dual-task condition.  The results demonstrate that 
voluntary balance responses in elderly individuals can be significantly delayed when performing 
a concurrent attention-demanding task which may lead to an increased risk of falling.  Since 
training may improve the ability to execute a voluntary step while a cognitive task is being 
performed, the authors suggest that dual-task training may be an important component of balance 
rehabilitation programs for elderly individuals. 
Scores on the Berg Balance Scale predict whether an individual is at risk of falling and 
scores of > 51 out of a possible 56 are associated with a low risk of falls.  Scores from 46-50 are 
associated with an increased risk of falls (Brauer, Woollacott, & Shumway-Cook, 2001).  In this 
study, given that the healthy elderly group had to score >45 on the Berg Balance Scale, it is 
possible that some members of this group actually were at an increased risk of falling.   
It has been suggested that in dual-task paradigms, the relationship between postural 
control and cognitive demand could be U-shaped (Huxhold, Li, Schmiedek, & Lindenberger, 
2006).  Compared to a baseline condition without a dual-task, one side of the U is created when 
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postural control performance is improved due to the low cognitive demand of a secondary task 
while the other side of the U is elicited when postural control performance is worsened due to the 
high cognitive demand of a secondary task.  To determine how concurrent cognitive processing 
can affect postural control in both positive and negative directions, Huxhold et al. (2006) had 
two groups, 20 younger adults (mean age 24.5 years) and 19 older adults (mean age of 69.8 
years), perform in eight conditions: three single-task cognitive conditions with differing levels of 
difficulty in a sitting position and five experimental conditions in a standing position with 
differing levels of difficulty while COP displacements on a force platform were assessed.  In all 
conditions, the cognitive task required the participants to respond with two hand-held button 
boxes to a random series of 22 stimuli on the computer screen.  A block of four trials lasting 68 s 
each was performed in every condition.  The instructions in all the standing positions were to 
stand as still as possible.  For the dual-task conditions, the participants were told to place equal 
emphasis on the cognitive and postural control performance.     
The results for the older adults followed the U-shape function.  A decrease in postural 
sway, a positive consequence, was seen with the low cognitive demands of the dual-task standing 
and digit choice-RT task in which the digits one to three were identified from random digits 
presented.  An increase in postural sway, a negative consequence, was seen with the more 
cognitively demanding 2-back working memory task compared to no dual-task.  In the 2-back 
task, the goal was to identify if a digit was identical to the one shown two steps back in the 
sequence.  The authors claim that during the stand-only condition, the participants used an 
internal attention focus in an attempt to control their postural sway in a conscious manner.  By 
focusing on the standing and digit choice-RT task, overt attention was diverted away from the 
highly automatized standing activity and this led to improved postural performance by allowing 
the postural control system to self-organize automatically.  A decrease in postural performance 
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was seen with the more challenging dual-task due to attention resource competition between 
cognition and postural control performance.  The younger adults also experienced a positive 
effect from the low cognitively demanding standing and digits condition compared to standing 
without a dual-task.  However, the younger group did not experience the negative effect from the 
more cognitively challenging 2-back working memory task.  This study suggests that there may 
be occasions when a dual-task situation is beneficial to performance for both younger and older 
individuals.  However, a more attention-demanding situation is likely to be detrimental to older 
individuals but not necessarily to younger individuals. 
To summarize the findings of the postural studies within a dual-task paradigm, it is 
evident that attention-demanding cognitive tasks can lead to decrements in performance of both 
the primary tasks (increased postural sway) and secondary tasks.  Most of the studies in this 
section were performance versus learning studies.  The one learning study demonstrated that 
dual-task training can be successful in improving dual-task motor behavior.  Several secondary 
tasks were used including a discrete auditory RT task, a continuous tracking task and a Stroop 
test.  Internal processes that were monitored include postural sway and muscle onset latencies 
and muscle response amplitude from EMG data of postural musculature.  A decrease in muscle 
response amplitude was correlated with a decrease in attention-processing capacity resulting in a 
negative balance response.  A delay in muscle latencies generally indicated greater risk of 
falling.  By combining the EMG data from the primary task with outcome data from a 
continuous tracking task, determinations could be made regarding automatic versus conscious 
balance reactions.  Using postural tasks within the dual-task paradigm appears to be a good way 
to predict individuals at risk of falling.  The elderly prioritized balance over the performance of 
the cognitive task.  Compared to a younger group, the postural task required more attention than 
both the healthy older individuals and the individuals at risk of falling.  
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Complex Motor Skills 
Healthy Populations 
To determine if an extended practice period under dual-task conditions would result in 
the same level of learning as practice under single-task conditions, Maxwell, Masters and Eves 
(2000) had novice participants perform a primary task involving putting a golf ball and a 
secondary task involving monitoring and reporting the number of high and low pitched tones as 
tone frequency increased over the learning phase.  The study was divided into a learning phase, 
conducted over 5 consecutive days with each session including 12 blocks of 50 trials, and a 
retention phase involving one block of 50 trials conducted 72 hours later.  The participants, 27 
young adults were placed into one of three groups: implicit learning group; implicit learning 
control group; explicit learning group.  The implicit learning group performed the secondary task 
while putting in the learning phase.  The implicit learning control group performed the secondary 
task while putting in the learning phase and also in the retention phase.  The explicit learning 
group performed only the putting task.  No putting technique instructions were given to any of 
the groups, but all groups received instructions to putt as many balls as possible using any 
technique that was successful and to maintain an accurate count during each block.  The 
dependent measures included an accuracy component measured by the number of successful 
putts made during each block and the number of rules the participants were able to verbalize.  
After the learning and retention phases, the explicit learning group reported significantly more 
rules than both implicit groups which did not differ.  Although the explicit group was 
significantly more accurate than the two implicit groups during the first block of the learning 
phase and again by the end of the learning phase, the retention phase revealed no significant 
group differences.  Accuracy on the secondary, tone-counting task varied between days but there 
was no consistent trend towards poor secondary task performance.  The authors suggested that 
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the secondary task used in this study was particularly difficult to perform with participants rarely 
performing it perfectly.  In addition, they stated that the dual-task methodology used in this study 
to induce implicit learning was clearly unsuited to real-world tasks.   
In a golf putting scenario using 21 experienced players, Beilock, Carr, MacMahon, and 
Starkes (2002, Experiment 1) had players perform under two attention conditions:  skill-focused 
and dual-task.  The primary task was to putt a golf ball from nine different locations towards a 
target and accuracy was measured on a continuum.  The secondary task for the skill-focused 
condition was to monitor the club swing and say “stop” exactly at the end of the follow-through 
and for the dual-task condition was to monitor auditory tones for a target tone and to say the 
word “tone” out loud when it was heard.  After 20 practice trials in a single-task format, the 
participants performed one set of 20 putts in the dual-task condition and one set in the skill-
focused condition. 
Putting performance was significantly more accurate during the dual-task condition than 
the skill-focused condition.   In the skill-focused condition, putting performance was 
significantly less accurate than in the single-task practice condition.  There was no significant 
difference between the dual-task putting performance and the single-task practice condition.  
Performance on the secondary tone task indicated an error rate of 0.14% during the skill-focused 
condition and 3.1% in the dual-task condition.  Even with this higher error rate in secondary task 
performance, the authors concluded that well-learned putting does not require constant on-line 
attention since attention was available to process the secondary task.  In addition, the authors 
state that performance of this well-learned task was poorer when the participants were prompted 
to attend to a specific component of the skill execution in comparison with both single-task 
practice performance and dual-task conditions.  The authors in this study likened the internal 
FOA, which brings attention to specific body movements as used in the Wulf et al. (1998) study, 
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to their skill-focused condition.  However, based on the FOA literature, instructing participants 
to focus on the golf club would actually be considered an external FOA defined as attention 
focused on the effects of outcomes of body movements.   
To compare the performance of novices and experts in a dual-task paradigm, Beilock, 
Bertenthal, McCoy, and Carr (2004) reported two experiments in a golf putting study.  In 
experiment 1, two groups of undergraduate students, one novice and one experienced, performed 
20 putts from nine different locations towards a target under single-task practice, a skill-focused 
condition and a dual-task condition with accuracy measured on a continuum.  The secondary task 
for the skill-focused condition was to keep the club head straight during the swing and say 
“straight” exactly upon ball contact.  The secondary task for the dual-task condition was to 
monitor auditory tones for a target tone and to say the word “tone” out loud when it was heard.  
For both the skill-focused and dual-task conditions the expert group was more accurate than the 
novice group.  The novice group was more accurate in the skill-focused condition than in the 
dual-task condition.  Conversely, the expert group was more accurate in the dual-task condition 
than in the skill-focused condition.  For the novice group, the dual-task results were significantly 
less accurate than in the single-task practice, but for the expert group, putting accuracy declined 
significantly in the skill-focused group versus the single-task condition.  Thus, golf putting under 
skill-focused and dual-task conditions had opposite effects on the novice and expert groups. 
The results from experiment 1 in both the Beilock et al. (2002) and Beilock et al. (2004) 
studies show that in a discrete golf-putting task it can be disadvantageous for experienced 
performers to explicitly attend to a specific component of an automated or proceduralized well-
learned skill.  To determine if there were any differences between the results found using a 
discrete task and a continuous task, Beilock et al. (2002, Experiment 2) designed a study using a 
continuous soccer dribbling task.  Right and left foot dribbling skills were monitored to 
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determine if these skills were at the same level of task proficiency or if they required different 
levels of attention.  Twenty right-foot dominant young adults were divided into two groups based 
on their level of experience:  novice and experienced.  The primary task was to dribble a soccer 
ball as quickly and accurately as possible with either the right or left foot through a slalom 
course under two conditions:  skill-focused and dual-task.  The secondary task for the skill-
focused condition was to verbally indicate whether the ball had just touched the inside or the 
outside of the foot following an auditory tone.  The secondary task for the dual-task condition 
was a word-monitoring task that required verbalizing the word “thorn” when it was heard.  Four 
practice trials were performed, two with the right foot and two with the left foot followed by 
eight trials alternating feet and attention focus.  Only the times taken to complete error-free trials 
were analyzed.  
The experienced players were faster than the novices across all the foot and attention 
conditions.  During practice, the novices had similar dribbling times between their right and left 
feet whereas the experienced players were significantly faster with their right foot than left foot.  
Looking at the dominant right foot dribbling results, the experienced group was faster than the 
novice group in the dual-task condition, but all groups performed at a similar speed in the skill-
focused condition.  Also the experienced players dribbled faster in the dual-task versus the skill-
focused condition, whereas the opposite occurred for the novices who dribbled faster in the skill-
focused versus the dual-task condition.  Comparing the right-foot skill-focused performance with 
the right-foot single-task practice performance, the novices were much faster during the skill-
focused condition whereas the experienced group was much slower.  These results demonstrated 
that experienced and novice groups were differentially affected by the skill-focused and dual-
task attention manipulations.      
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For non-dominant left foot dribbling, both the novices and the experienced groups 
performed better in the skill-focused than in the dual-task condition, and both groups dribbled 
faster during the skill-focused condition than during practice.  These results demonstrate the 
experienced and novice groups had similar responses to the skill-focused and dual-task attention 
manipulations demonstrating a higher level of performance in the skill-focused condition which 
was designed to draw attention to skill execution, than in dual-task condition which was 
designed to distract attention from skill execution.  The authors state that the differences seen 
between the left and right foot dribbling of the experienced group reflect different levels of 
automaticity within individuals.  Errors occurred infrequently on the secondary task 
performance, across both foot and experience level in both the skill-focused and dual-task 
condition.   
In a similar soccer study, Ford, Hodges, and Williams (2005) divided 20 experienced 
players into skilled and less-skilled groups, the primary task was to dribble a soccer ball twice 
through a slalom course quickly and accurately under one control condition and three 
experimental conditions that involved attention manipulation:  internal skill-relevant feature 
(foot), internal skill-irrelevant feature (arm), and skill-irrelevant task (word-monitoring).  The 
less-skilled group used only their right foot for all trials whereas the skilled group was tested 
using their right foot and their left foot.  The secondary task in all the experimental conditions 
was to monitor auditory tones.  In the internal, skill-relevant feature condition, the participants 
were instructed to continuously monitor their feet and when the tone was heard indicate verbally 
whether the outside or the inside of the foot was in contact with the ball.  The instructions for the 
internal, skill-irrelevant feature condition were for the participants to monitor their arms and, in 
response to the tone, indicate verbally whether the left or right arm was nearest to the pylon 
ahead of them.  In the skill-irrelevant task, the participants were required to perform the 
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dribbling task while attending to auditory words and identify the target word “thorn” and repeat 
that word aloud when it was heard.    For the control condition, the participants were instructed 
to dribble through the slalom course quickly and accurately.    
As in the Beilock et al. (2002, Experiment 2) study, Ford et al. (2005) analyzed only the 
movement times from error-free trials.  However, unlike the Beilock et al. (2002) study, the 
movement time data were normalized with respect to the movement times on the control trials.  
Consequently, no differences were found as a function of skill level in the less skilled group with 
poorer performance observed when attention was directed to the arm rather than the foot.  For 
the dominant foot of the skilled group, there was a greater decrement in performance in the two 
internal focus conditions compared with that in the word-monitoring condition.  However, there 
were no differences across attention conditions for the non-dominant foot.  The frequency of 
response errors was approximately 5% of the total number of responses.  There were errors 
among both the skilled and less skilled groups although the less skilled participants tended to 
make more errors.    
It is quite apparent that attention manipulation is quite different in the dual-task paradigm 
versus the FOA paradigm.  Specifically, the skill-focused condition is very different from the 
internal FOA condition.  For both the skill-focused and dual-task conditions, a secondary task is 
performed whereas in the FOA conditions, there are no secondary tasks.  Given the assumption 
of a fixed attention capacity, any secondary task will utilize some of that capacity.  If one 
performer is an expert who requires less attention for the primary task, and one performer is a 
novice requiring more attention for the primary task, the same secondary task will have different 
effects on the different performers because the attention resources are different.  This may 
explain how experienced and novice groups were diffentially affected by the skill-focused and 
dual-task attention manipulations (Beilock et al., 2004).  Conversely, in a FOA paradigm, the 
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internal and external focus conditions are using similar attention resources regardless of whether 
the performer is an expert or a novice.  Therefore, it is clear that the skill-focused condition and 
the internal FOA condition cannot be compared equally. 
Gray (2004) suggested that a limitation of the auditory monitoring task used in previous 
studies such as Beilock et al. (2002 Experiment 2) was that RTs were not measured for the 
auditory monitoring task suggesting performers could actually have a poorer performance on the 
secondary task that went undetected as participants were trading speed for accuracy.  To address 
this limitation, Gray monitored the accuracy and the RT of the secondary task.  In addition, 
unlike the golf-putting and the soccer-dribbling tasks that are self-paced, Gray (2004, 
Experiment 1) selected a baseball batting task that was not self-paced.  The main purpose of the 
study was to explore the attention mechanisms involved in baseball batting across different 
levels of skill expertise.  The primary task for the two groups of 10 participants, one expert 
(Division I college) and one novice (recreational league), was to bat balls in a virtual baseball 
batting simulation that was pitching two types of random pitches, a fastball and a slow ball.  
Each group performed one block of 20 trials under three different experimental conditions:  
single-task, extraneous dual-task, and skill-focused dual-task.  The secondary task was to listen 
to auditory tones of either 250 or 500Hz and ignore them in the single-task condition, verbally 
respond to the appropriate tone saying “high” or “low” in the extraneous dual-task condition, and 
verbally respond either “up” or “down” in the skill-focused dual-task condition depending on 
whether the bat was moving up or down at the instant the tone was presented regardless of which 
frequency was heard. 
The difference between the time when the ball crossed the front of the plate and the time 
when the minimal bat height occurred was designated the mean temporal swing error (MTSE).  
Over all the conditions, the MTSE was significantly higher for novices than for experts.  Also, 
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the MTSEs were significantly higher in the extraneous dual-task condition than in the skill-
focused dual-task condition.  Compared to the single-task condition, during the extraneous dual-
task condition there were increased swing errors in the novice group but not in the expert group.  
In the skill-focused dual-task condition in comparison to the single-task condition, there were 
increased swing errors in the expert group but not in the novice group.  Secondary task 
performance for the skill-focused dual-task, as determined by the mean percentage of judgment 
errors for the dual-task conditions, was considerably worse than for the extraneous dual-task for 
both novice and expert groups.  The expert players made significantly more errors when judging 
the direction of the movement of their bat compared to the novice group.  There were no 
significant effects of expertise or attention condition on the RT of the secondary task.  To 
summarize, the expert group appeared able to attend to the auditory tone and to judge its 
frequency during swing execution without any effect on temporal swing error.  The novices on 
the other hand who averaged a 32 ms increase in MTSE did not seem to have sufficient available 
attention resources to simultaneously hit and attend to extraneous sensory information. 
The above dual-task studies in the healthy, complex motor skill section are performance 
studies.  In a learning study using a highly complex motor skill, Bebko et al. (2003) examined 
the acquisition and automatization of three-ball cascade juggling in two different ways.  The first 
way to examine the automatization of juggling was based on the average number of consecutive 
catches between dropped or missed balls.  The second way was measured using a dual-task 
response cost.  After a group-training session, the 10 young, adult novice jugglers practiced the 
juggling task using three beanbag balls for a total of 25 15-min practice sessions over 5 weeks.  
A 26th session was completed one week after the end of the practice session.  The acquisition 
level was achieved if the participant averaged at least four catches per trial in a 15 min session, 
and for the automaticity level at least 20 catches per trial. 
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Probe sessions were conducted immediately after the training session and then after the 
1st, 3rd, and 5th weeks of practice and involved two 30 s tests under three randomly-ordered 
conditions:  juggling only, alphabet only (reciting the alphabet as fast as possible) and dual-task 
(juggling while reciting the alphabet).  Based on the results the participants were classified into 
three distinct learning types.  The proficient group consisted of six learners who reached the 
acquisition criterion in three or fewer practice sessions and the automaticity criterion by 19 
sessions.  Three learners were placed in the emerging group which reached the acquisition 
criterion in four sessions or more and did not reach the automaticity criterion.  There was one 
member of the final learning type, the late learner.  This individual was not able to consistently 
catch more than three balls in a given trial and did not reach the acquisition criteria until session 
25.  The dual-task response cost, the percentage decrease in the number of letters of the alphabet 
recited while juggling compared with the number of letters when the alphabet was recited alone, 
was calculated from the beginning at probe session zero to the end at probe session five.  The 
proficient group had a reduction in response cost in the dual-task condition from a mean of 22% 
to a mean of 1% which the authors suggested showed clear evidence of achieving automaticity, 
the emerging group decreased their response cost from 26% to 11% percent, and the late learner 
went from 18 % to 11%. 
As was the situation with the postural tasks, the complex motor skill studies within the 
dual-task paradigm were predominantly performance studies.  One exception was the juggling 
study (Bebko et al., 2003).  In this dual-task learning study, practice led to improvement in both 
the primary task as measured by the average number of consecutive catches and improvement in 
the ability to perform a continuous secondary task.  Not only did the proficient group reach the 
outcome criteria for automaticity, but that group was able to perform the secondary task almost 
perfectly following practice indicating minimal to no attention requirements for the juggling 
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task.  Since procedural learning develops through repetition, can be performed without attention 
and is expressed through improved performance, it is apparent that this dual-task approach led to 
procedural learning in the proficient group. 
Gait 
Healthy Populations 
As a means to determine the influence of concurrent activities on gait, Ebersbach, 
Dimitrijevic, and Poewe (1995) had ten adults aged 25-42 years perform cognitive and motor 
tasks considered as the primary task and gait performance considered as the secondary task.  The 
participants were instructed to concentrate on the primary tasks while walking on a 10m 
walkway with their “normal speed and rhythm” (p. 108).  Stride time, which consequently 
effects stride frequency, and double-support time, related to balance control, were measured.  
Participants performed four trials on the walkway without a concurrent activity (single-task gait) 
and four dual-task conditions:  digit span, fine motor task, a combination task, and a fast finger-
tapping task.  In the digit span condition, the participants were read random digits during the gait 
trial which they had to verbally repeat at the end of the trial.  The fine motor task consisted of 
opening and closing a button on a coat the participants wore while they walked.  In the 
combination task condition both the digit span and fine motor task were performed.  For the fast 
finger-tapping condition, the participants were required to push an event marker with the index 
finger of the dominant hand and oppose their first and second fingers of the nondominant hand at 
the same frequency of five Hz or faster. 
The results for stride time showed that there were no significant differences between the 
dual-task conditions and single-task gait except in the fast finger-tapping condition which 
showed a significant decrease in stride time with a consequent increase in stride frequency.  A 
significant increase was seen in double-support time during the combination task condition when 
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both digit span and the fine motor task were performed together but not when these tasks were 
performed alone indicating an increased balance requirement.  The performance of the primary 
cognitive task declined compared to baseline conditions conducted during quiet standing.  Seven 
of the 10 participants had to have the digit span task reduced to ensure complete retention during 
gait. 
Focusing on the attention demands of preferred and non-preferred gait patterns, 
Abernethy, Hanna, and Plooy (2002) had 11 young adults walk and run on a treadmill.  After 
individual mean preferred transition speeds from walking to running on a treadmill were 
calculated, two experimental conditions, the preferred gait condition and a control condition, 
were performed.  In the preferred gait condition, participants walked or ran as they preferred on a 
treadmill in six 3-min trials at speeds of travel that were 70, 80, 90, 100, 110 and 120% of their 
preferred transition speed while performing a secondary RT task which required responding via 
pushing a hand-held button to auditory tones.  During the control condition, probe RTs were 
collected as participants stood stationary on the treadmill.   
The walk-to-run transition velocities ranged from 1.87 to 2.34 m/s with a group mean of 
2.09 m/s.  The probe RT was significantly slower in the dual-task condition than in the control 
condition with an increase in mean probe RT of approximately 228 ms for the walking gaits and 
229 ms for the running gaits.  Thus, the extent of the single-task to dual-task slowing in RT was 
comparable across all speeds of travel.  The authors stated that the attention demand posed by the 
primary gait task is reflected by the slowing of the probe RT task.  Probe RTs did not increase 
around the walk-to-run transition, the 100% condition, suggesting that the transition between 
walking and running does not require any additional attention resources compared to those 
required for maintaining walking or running respectively.  
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In experiment 2, as a means of determining if sustaining a non-preferred pattern of 
locomotion incurs a measurable attention cost, the same participants completed the two 
experimental conditions:  imposed walking and imposed running.  For the imposed walking or 
running condition, the participants walked or ran respectively in six 3 min trials at 70, 80, 90, 
100, 110 and 120% of their individual preferred transition speed while they performed a 
concurrent probe RT task.  Heart rate (HR) data was collected during both conditions and was 
compared to HR data that had been collected in the preferred gait condition in experiment 1. 
The participants’ HR increased linearly with increased speed of the treadmill during their 
preferred gait patterns; however, non-preferred gait patterns resulted in higher HRs.  During 
running at 70, 80, and 90% of the speed of transition, HR was greater than when walking, the 
preferred form of locomotion, at those speeds.  During walking at 110% and 120% of the speed 
of transition, HR was greater than when running at those speeds, the preferred form of 
locomotion.  Only at 120% of the preferred transition speed were the mean probe RT values for 
the imposed walking condition significantly slower than those for the imposed running 
condition.  Thus, the authors suggest that the attention cost was no greater when maintaining a 
running gait at speeds that by preference they would maintain a walking gait.  Conversely, when 
a walking gait was maintained at a speed that by preference maintained a running gait, the 
attention cost was significantly greater. 
Clinical Populations 
Given that the potential consequences of falling are far greater for older than younger 
adults, Li, Lindenberger, Freund, and Baltes (2001) explored, in a dual-task situation, if older 
adults compared to younger adults would prioritize a walking task over a memory task to avoid a 
loss of balance.  The dual-task involved walking on a narrow track while performing a cognitive, 
memory task, and 37 younger adults aged 20-30 years and 35 older adults aged 60-75 years 
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completed the study.  During the dual-task phase, participants were instructed to perform both 
tasks concurrently as well as possible and in a systematic manner performed trials in which 
neither task was made more difficult, trials in which difficulty was increased for the memory or 
walking task or both and trials in which participants were allowed to use either the memory aid 
or the handrail or both for the task or tasks with increased difficulty. 
Memory was assessed via the number of words that were recalled.  The results showed 
that the dual-task costs in memory were significantly greater for the older group than the younger 
group across all conditions.  For the dual-task walking costs of velocity which looked at the 
relative slowdown in walking while memorizing compared with walking alone, the younger and 
older groups showed equivalent dual-task costs.  For the dual-task walking costs of accuracy, 
which looked at when contact was made with the boundaries of the track, the younger and older 
adults showed comparable dual-task costs in walking accuracy across all four conditions.   Since 
there were age differences in the dual-task costs for memory but none in the dual-task costs for 
walking, it appears that older adults prioritize walking over memorizing.  
In another study exploring individuals prioritizing a walking task over a cognitive task, 
Schrodt, Mercer, Giuliani, and Hartman (2004) examined the characteristics of 21 older adults 
(aged 67-88 years) walking at a fast speed and stepping over an obstacle in single-task and dual-
task conditions.  The primary, ambulation task involved walking as fast as they comfortably 
could on a 10 m walkway and stepping over an obstacle with their dominant foot.  With 
instructions to be as accurate as possible, the secondary task was a one-back cognitive task 
requiring a response to each number presented by stating the previously presented number.  
Participants alternated the single-task and dual-task conditions for a total of 15 trials each. 
 The results showed a significantly increased toe-obstacle distance and decreased 
obstacle-heel distance under the dual-task compared to the single-task condition, which 
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demonstrated that older adults modified their trail and lead foot positions relative to the obstacle.  
The dual-task condition did not affect gait speed over the entire walkway or gait speed during 
obstacle approach and negotiation.  For the secondary task, 17 out of 21 participants had a 
significant decrease in performance under dual-task conditions compared to baseline 
performance.  The authors observed that some of the participants delayed their verbal responses 
to the 1-back task as they stepped over the obstacle and responded immediately after clearing the 
obstacle and just prior to next number presented and that the participants appeared to take the 
dual-task trials more seriously than the single-task trials.  Since participants were able to 
maintain their gait speed as they modified their foot placement over the obstacle and since there 
was a small decrement in the secondary task performance, these results suggest that participants 
placed a higher priority on maintaining gait performance during dual-task conditions. 
Using individuals with Parkinson’s disease, O’Shea, Morris and Iansek (2002) examined 
if the severity of dual-task interference was affected by the type of secondary task, motor or 
cognitive.  For the primary task, 15 participants with idiopathic Parkinson’s disease and 15 
comparison participants walked at a preferred pace on a 14 m walkway three times under three 
conditions:  free walking (single-task), coin transference while walking (dual-task motor) and 
digit subtraction while walking (dual-task cognitive).  
In the single-task condition, the participants with Parkinson’s disease had a shorter stride 
length, a slower stepping rate and increased time in double limb stance than the comparison 
group.  Both groups demonstrated a decrease in stride length in both the motor and cognitive 
dual-tasks.  No differences were noted in stride length between the motor and cognitive dual-
tasks in either the Parkinson’s disease or the comparison group.  Compared to the single-task 
condition, the Parkinson’s disease group had a decrease in walking speed and cadence during 
both dual-task conditions but with no difference between the two.  The comparison group had a 
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smaller decline than the Parkinson’s disease group in walking speed comparing the single-task 
condition with the motor and cognitive dual-tasks with no difference between these two 
conditions.  The comparison group did not have any differences in cadence between the single-
task and dual-task conditions or between the dual-task conditions themselves.  There were no 
differences in the Parkinson’s disease group between the single-task and the motor and cognitive 
dual-tasks or between the two dual-task conditions themselves in double-limb stance.  The 
comparison group did have an increase in time spent in double limb stance between the single-
task condition and the two dual-task conditions.  There were no differences between the two 
dual-task conditions themselves in the comparison group.  The authors concluded that for 
individuals with Parkinson’s disease, gait is compromised with the simultaneous performance of 
a motor or cognitive task but the type of secondary task was not a major determinant of the 
severity of dual-task interference.  
To determine if automaticity of walking is regained after stroke, Canning, Ada, and Paul 
(2006) compared 20 individuals with stroke to 20 healthy older individuals and 20 healthy 
younger participants with mean ages of 66, 64 and 20 years respectively.  All participants walked 
on a 10 m walkway at their preferred speed under four conditions:  Single-task (walking only), 
dual-manual task, dual-cognitive task, and triple-task.  The dual-manual task involved walking 
and carrying a cup of water.  The dual-cognitive task involved walking while performing a 
verbal color classification task and the triple-task involved walking, carrying the cup of water 
and performing the color classification task. 
The results showed that the healthy younger group walked faster than the healthy older 
group and the stroke group under all conditions.  Walking performance for the stroke group was 
worse than the healthy older group under all conditions demonstrating shorter stride and step 
lengths and a lower cadence.  In comparison with the single-task condition, walking performance 
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declined in the dual-task and triple-task conditions for both the stroke group and the healthy 
older group with the largest decrement occurring in the triple-task condition followed by the 
dual-manual task and the dual-cognitive task.  This same pattern of deterioration was seen in the 
walking velocity, stride length, step length and cadence results. 
In this study an automaticity index was calculated by expressing the velocity of walking 
under each task condition as a percentage of the velocity under the single-task condition.  Since 
the stroke group and the healthy older group had similar decrements in walking performance 
under dual- and triple-task conditions, the two groups exhibited a similar walking automaticity 
index.  The younger group experienced the same order of task difficulty as the stroke and healthy 
elderly, (single-task, dual-cognitive, dual-manual, and triple-task).  However, the extent of the 
decrement was significantly greater when comparing the healthy older to the healthy younger 
group, as it was when comparing the stroke group to the younger group. 
There were no learning studies in the gait section of the dual-task paradigm.  However, 
from the performance studies in both the healthy and clinical populations, it was evident that the 
primary gait task or the secondary task or both could be negatively influenced in a dual-task 
situation.  Declines in performance were seen with both cognitive and motor secondary tasks.  
Interestingly, locomotion at non-preferred gait patterns also influenced heart rate, an internal 
process.  Within clinical populations, it was apparent that older populations prioritized 
ambulation over the secondary task.  Gait in individuals with Parkinson’s disease was modified 
with both motor and cognitive secondary tasks, but there was no difference between the two.  
However, with individuals who had sustained a stroke, differences in gait were noted with 





Procedures for Implementing Procedural Learning 
The goals of many individuals who have sustained a neurologic insult are to be able to 
perform functional activities.  When working with a patient who has sustained a neurologic 
insult, the therapist teaches the patient how to acquire these functional skills.  The therapist can 
do this in a number of ways, for example selecting the task to be practiced, setting up the 
environment, and providing instructions and/or feedback.  Success is measured not by the 
patient’s motor behavior while in therapy, but by the patient being able to perform the desired 
motor behaviors when he or she returns home, which provides evidence that learning has 
occurred.  Thus, it is imperative for the therapist to provide a therapy session that is the most 
conducive to the patient’s learning. 
Attention deficits are often inherent in neurologic insults such as traumatic brain injury 
(Timmerman & Brouwer, 1999), Alzheimer’s disease (Knopman, 1991), and stroke (Winstein, 
Merians, Sullivan, 1998).  These deficits often lead to severe deficits in declarative learning.  
However, because the implicit learning system is a highly distributed system (including the 
cerebellum, basal ganglia, and the sensorimotor cortex area) no single lesion or disease process 
completely abolishes the ability to implicitly learn and remember motor skills (Boyd & Winstein, 
2003).  In addition, automatic (unconscious) processing appears to be well preserved in older 
adults whereas controlled (conscious) processing is quite susceptible to decline with aging 
(Schmidt & Lee, 2005).  As this literature review demonstrated, procedural learning can be 
developed based on the type of instructions or feedback that are given and with practice of dual-
task activities in a learning study.  This literature review has shown that both healthy populations 
and clinical populations learn better with procedural learning, which indicates that there is an 
alternative way to declarative learning to learn functional motor skills.  This alternative is 
137 
 
especially important for patients with attention deficits from a neurologic insult for whom 
procedural learning must be pursued because declarative learning is not a viable option. 
IMPLICATIONS FOR FUTURE RESEARCH 
The FOA paradigm has demonstrated that an external focus promotes more automatic 
processes to control movement requiring little attention and resulting in procedural learning.  
This external focus effect has been seen with postural skills as well as more complex motor 
skills.  However, so far the FOA paradigm has not been applied directly to many of the 
functional tasks used in the clinic such as bed mobility, sit to stand, transfers to different surfaces 
such as the bed, toilet, tub bench, car and floor, ambulation, wheelchair propulsion, stair 
climbing, walking up and down curbs and ramps.  In addition to the specific functional tasks 
used in the clinic, therapists often use upright standing activities to address deficits in motor 
control, coordination, and balance.  Specifically, tasks that are conducive to promoting 
procedural learning and increased efficiency including tasks that repeat a movement continually 
under varying circumstances have not been studied under a FOA paradigm.  It is important to 
determine if procedural learning can be developed with these functional activities and therapeutic 
interventions in healthy populations and clinical populations. This knowledge could have a 
tremendous impact on clinical practice. 
Unfortunately, there were only two learning studies in the dual-task literature review.  
However, from these studies evidence exists that procedural learning can take place in the dual-
task paradigm.  More dual-task learning studies are needed using tasks that are commonly 
addressed in a rehabilitation environment with both healthy and clinical populations.  However, 
given the attention resources required, it may be that clinical populations with significant 





It is hypothesized that in healthy populations an external versus an internal FOA would 
promote increased efficiency of movement with extended practice of functional activities such as 
bed mobility, sit to stand, transfers to different surfaces including the bed, toilet, tub bench, car 
and floor, ambulation, wheelchair propulsion, stair climbing, and walking up and down curbs 
and ramps.  It is also hypothesized that healthy individuals learning therapeutic tasks, such as 
lunges and squats, used to address decreased balance, motor control and coordination with 
patients in the clinic would respond more efficiently with an external versus an internal FOA.   
It is hypothesized that clinical populations such as healthy elderly, individuals with 
increased risk of falling, individuals with stroke or traumatic brain injury, or individuals with 
incomplete spinal cord injuries who are able to follow one step commands would exhibit 
improved functional outcomes and increased efficiency of movement when learning or 
relearning functional activities such as bed mobility, sit to stand, transfers to different surfaces 
including the bed, toilet, tub bench, car and floor, ambulation, wheelchair propulsion, stair 
climbing, and walking up and down curbs and ramps when provided with an external FOA 
versus an internal FOA.  It is hypothesized that these same clinical populations would respond 
more efficiently with an external versus an internal FOA when learning therapeutic tasks, such as 
lunges and squats, which are commonly used to address decreased balance, motor control and 
coordination in the clinic. It is hypothesized that clinical populations that are unable to follow 
one step commands would not demonstrate the procedural learning benefits of using an external 
FOA versus an internal FOA when learning or re-learning functional activities. 
It is hypothesized that procedural learning could be further demonstrated in a dual-task 
learning situation using functional activities such as bed mobility, sit to stand, transfers to 
different surfaces including the bed, toilet, tub bench, car and floor, ambulation, wheelchair 
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propulsion, stair climbing, and walking up and down curbs and ramps in healthy populations and 
clinical populations with mild or no attention deficits.  It is hypothesized that clinical populations 
that have significant attention deficits would not demonstrate the procedural learning benefits in 
a dual-task learning situation when learning or re-learning functional activities. 
In conclusion, the four objectives of this literature review have been completed.  
Specifically, this review has provided the relevance of procedural learning and gross motor 
skills, terminology and definitions, a background into procedural learning during fine motor skill 
acquisition, and a theoretical basis for determining that procedural learning occurs during gross 
motor skill acquisition.  In addition, this literature review has explored two paradigms, FOA and 
dual-task, within the context of gross motor skill performance and acquisition to establish how 
the environment, instructions and feedback can be manipulated to promote procedural learning.  
Procedures for implementing procedural learning and implications for future research have been 
established.   
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APPENDIX B.  CONSENT FORMS 
 



















APPENDIX C.  SCREENING PROCEDURES 
Community-dwelling healthy older adults aged 65 years and over were recruited for 
experiment 2 using fliers handed out or posted at several sports and recreation centers in the 
Greenville, North Carolina area, and at North Carolina Pitt County Senior Games, at a senior 
health fair, and at one church.  Additionally, the flier was mailed to members of the East 
Carolina University Retired Faculty Association living in the Greenville area and was advertised 
in the Gold Path Gazette, a publication sent to seniors in the Greenville area.  Individuals also 
contacted the investigator as a result of word and mouth.  Recruiting fliers had been approved by 
the Institutional Review Boards at Louisiana State University and East Carolina University.  
Interested potential participants provided their telephone numbers and were later contacted by 
the investigator via telephone.  The initial telephone interview prescreening generally lasted less 
than 10 minutes and included questions about the potential participant’s age, height, weight, 
ability to identify colors, current health status, current medications, a brief past medical history 
and availability for the study.  An unofficial Body Mass Index was calculated based on the 
height and weight information from this conversation.   
If the potential participant remained qualified as a result of the telephone interview, a 
screening visit lasting approximately 60 min was set up at the patient’s home to determine the 
participant’s eligibility for the study.  During the screening visit, the potential participant 
underwent a more thorough screening of the telephone interview items plus vital signs at rest and 
during positional changes, passive range of motion (ROM) of the lower extremities, active ROM 
of the cervical spine, assessment of left/right discrimination, and gross assessment of hearing and 
vision and maximum step length in the forward, lateral and backward directions.  To assess color 
150 
 
discrimination, potential participants stood in the center of the Functional Testing Grid®3 and 
pointed and verbally identified the green, blue, red and yellow segments on both sides.   Potential 
participants also completed the Physical Activity Readiness Questionnaire, the Mini Mental State 
Examination (MMSE), the Visual Analog Pain Scale, the Activities-specific Balance Confidence 
(ABC) scale, and were asked if they were participating in other research studies at the time.  
During the screening, the investigator answered questions and provided general information 
about the study.  Potential participants were excluded following the telephone prescreening or 
the in-home screening if they scored below 24 on the MMSE, if passive ROM of the lower 
extremities and active ROM of the cervical spine were not within functional limits, if their body 
mass index was 31 or greater, if 80% of their maximum step length was greater than 90 cm, if 
there was a history or a current presentation of cardiopulmonary, musculoskeletal, neurologic, or 
other major systemic medical problems that prevented their participation in the study, and if 
there were significant deficits in orthostatic hypotension, vision and hearing.  Potential 
participants were also excluded if they scored less than 4/5 on left/right discrimination trials, and 
if they were unable to correctly identify the non-grey colors on the Grid.   
If the potential participants were deemed eligible to participate in the study following the 
screening and if they wanted to participate, times for the pretesting session and the exercise 
sessions were discussed, and directions and parking passes were issued.  Consent forms were left 
with the participants to peruse together with a rate of perceived exertion scale.  
 A total of 68 potential participants expressed interest in the study.  Twenty-six 
individuals were excluded or withdrew interest at the prescreening on the telephone:  one was 
too young, 14 were excluded for physical reasons, 10 withdrew because of the time commitment, 
                                                 
3 Functional Testing Grid, EFI Medical Systems, Inc 
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and 1 withdrew because of the location of the study.  Eight potential participants were excluded 
or withdrew interest at the in-home screening:  1 did not qualify due to a decreased score on the 
MMSE, 6 did not qualify physically, and 1 withdrew because of the location of the study.  Four 
potential participants completed the in-home screening and were deemed eligible and set up the 
pretest session.  However, 3 withdrew because of the time commitments and 1 withdrew due to 
an unexpected physical problem.  The remaining 30 potential participants did complete the 
pretest, the training and the posttest sessions. 
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APPENDIX D.  ANKLE WEIGHT STRENGTH TEST AND TRAINING POSITIONS 
The following positions were used for both the ankle weight strength test and for the 
strengthening exercises performed by the Bike and Strength group. 
Ankle dorsiflexion:  Performed sitting in a chair with the back heel of the right foot on 
the ground positioned approximately 15 cm anterior to an imaginary vertical line dropped to the 
ground from the right knee.  The ankle weights were positioned on the dorsum of the foot and 
the movement was to keep the heel on the ground and raise the toes at least 5 cm towards the 
ceiling.  
Ankle plantarflexion:  Performed sitting in a chair with the back heel of the right foot on 
the ground positioned approximately 10 cm posterior to an imaginary vertical line dropped to the 
ground from the right knee.  The ankle weights were positioned at the distal end of the right 
femur and the movement was to keep the toes on the ground and raise the heel at least 5 cm 
towards the ceiling. 
Knee extension:  Performed sitting on a padded table with both hands holding the front 
edge of the table.  The ankle weights were positioned around the lower leg and the movement 
was to raise the foot by extending the knee to full extension. 
Hip abduction:  Performed in standing with both hands holding onto handrails.  Ankle 
weights were positioned around the lower leg and the movement was to raise the foot so the leg 
was positioned at approximately 45 degrees in the front plane while keeping the trunk vertical. 
Hip extension:  Performed in standing with both hands holding onto handrails.  Ankle 
weights were positioned around the lower leg and the movement was to raise the foot so the leg 
was positioned at approximately 20 degrees in the front plane while keeping the trunk vertical. 
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Knee flexion:  Performed in standing with both hands holding onto handrails.  Ankle 
weights were positioned around the lower leg and the movement was to raise the foot behind by 
bending the knee to approximately 90 degrees while keeping the trunk vertical.         
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APPENDIX E.  DIVIDED-ATTENTION TIMED STEPPING ACCURACY TASK 
TRAINING PROCEDURES 
Participants were given general instructions to acquire an understanding of the task.  
Participants were told to keep their body oriented forwards or slightly sideways for all the 
stepping directions and for their non-stepping foot to remain in contact with the ground.  
Participants were encouraged to have their whole foot on the ground and their knee bent at some 
time during the landing phase of the step.  The purpose of these instructions was to encourage a 
weight shift when the participant made contact with the target.  However, this weight shift was 
not explicitly stated to the participant.  Once the participants had a general understanding of the 
task, they were informed that the goal was to touch the assigned targets as quickly and as 
accurately as possible.  
The participants were given instructions to meet the requirements of test accuracy.  For 
an identified target on the right side of the Grid, the right foot was the stepping foot and for an 
identified target on the left side of the Grid, the left foot was the stepping foot.  Test accuracy 
meant that the correct foot hit the assigned target on the first attempt.  If this did not occur it was 
considered an accuracy error.   
Participants were given instructions to meet the test movement requirements.  
Participants were informed that a test movement error would be counted if they took more than 
one step to reach the target or to step back to the starting position, if they waivered significantly 
from the starting position, if they were unable to return to the initial starting position, or if they 
required physical assistance to regain their balance at any point during the task.  
The investigator provided each participant with a visual demonstration of the divided-
attention timed stepping accuracy task (DATSAT) including the correct starting position, 
stepping towards the assigned target, having the whole foot on the ground and the knee bent at 
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some time during the landing phase of the step, and keeping the body oriented forwards or 
slightly sideways for all the stepping directions, maintaining at least part of the non-stepping foot 
in contact with the mat, and returning to the starting position.  Movements classified as errors 
were also demonstrated to the participant.   Verbal explanations used in conjunction with the 
visual demonstration avoided explicit terminology that related to force such as “push back with 
your foot”, or “shift your weight.”  Further clarification given to the participants included 
comments such as, “If the auditory cue is ‘left, blue, near’ this means to step with your left foot 
into the blue segment, onto the near target.”    
Participants were always required to wear a gait belt when stepping on the Grid.  The 
investigator had one hand lightly on the gait belt with the forearm in a supinated position and 
with fingers tucked under the gait belt in the middle of the participant’s back.  Physical 
assistance was only provided if a fall seemed imminent.  Participants were informed by the 




APPENDIX F.  STANDARDIZED WARM-UP STRETCHES 
For all of the stretches, the participants were given an option of holding onto a rail or a 
wall or not holding on.  The following is a description of each of the stretches:   
Hip adductor stretch:  The participants stood with their feet as wide as was comfortable 
and bent one knee.  The aim was to feel a stretch in the inner thigh. 
Hip flexor stretch:  The participants stood with their feet in stride with each other as far 
as was comfortable.  Both knees were bent and the heel of the back leg was raised.  The aim was 
to feel a stretch in the anterior hip of the back leg. 
Ankle plantarflexor stretch with the knee extended:  The participants stood with both 
hands on the wall with one foot forward and one foot back.  The knee of the back leg was 
straight and the foot of the back leg was flat on the floor as the participant leaned into the wall.  
The aim was to feel a stretch in the back of the calf. 
Ankle plantarflexor stretch with the knee flexed:  The participants stood with both hands 
on the wall with one foot forward and one foot back.  The knee of the back leg was bent and the 
foot of the back leg was flat on the floor as the participants leaned into the wall.  The aim was to 
feel a stretch in the back of the calf slightly inferior to the previous stretch. 
  Quadriceps stretch:  The participants held on to a railing with one hand and bent their 
opposite knee and held onto their foot or ankle with their other hand.  If the participant was not 
able to achieve this position, a belt was attached to the participant’s opposite ankle and the 
participant held the belt instead.  The aim was to feel a stretch in the quadriceps muscle. 
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APPENDIX G.  PRETEST DATA 
 
Table 14 Comparison of Pretest Data:  Participant Characteristics 
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Note. Standard deviations appear in parentheses below means. 
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Table 15 Comparison of Pretest Data:  Instruments 




































Note. Standard deviations appear in parentheses below means.  MMSE = Mini Mental State 




Table 16 Comparison of Pretest Data:  Balance Tests 














     













































































Note. Standard deviations appear in parentheses below means.  Diff. = Difference.  BBS = Berg 
Balance Scale.  FRT = Functional Reach Test.  TUG = Timed Up and Go test.  MSL = 
Maximum step length.  Ant = anterior.  Lat = lateral.  Post = posterior.  Avg. = average.  ABC 
scale = Activities-specific Balance Confidence scale.
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Table 17 Comparison of Pretest Data:  Divided-attention Performance 
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Note. Standard deviations appear in parentheses below means.  DT TUG = Dual-task Timed Up 
and Go test.  DATSAT = Divided-attention timed stepping accuracy task.  Avg. = Average. 
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Table 18 Comparison of Pretest Data:  Functional Task Performance:  Efficiency Related to 
Time 
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Efficiency Func Sec Comp     














Efficiency Func Sec Comp 
Minus 360 & 8 Foot Taps  
    














Note. Standard deviations appear in parentheses below means.  WBT = Walk Backward Test.  
5 x STS = Five-times Sit-to-Stand Test.  5 x ↑↓ = Five-times up and down test.  FTS = Floor to 
Stand.  KTS = Kneel to Stand. 
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Table 19 Comparison of Pretest Data:  Functional Task Performance:  Efficiency Related to Rate 
of Perceived Exertion 
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Note. Standard deviations appear in parentheses below means.  BBS = Berg Balance Score.  
WBT = Walk Backward Test.  5 x STS = Five-times Sit-to-Stand Test.  FRT = Functional Reach 
Test. TUG = Timed Up and Go. 5 x ↑↓ = Five-times up and down test.  FTS = Floor to Stand.  




Table 20 Comparison of Pretest Data:  Functional Task Performance:  Efficiency Related to 
Movement Strategies   
     
Efficiency Related to 













     
























































































































Note. Standard deviations appear in parentheses below means. Level of assistance required. 0 = 
none, 1 = Use of one upper extremity, 2 = Use of two upper extremities.  5 x STS = Five-times 
Sit-to-Stand test.  TUG = Timed Up and Go. 5 x ↑↓ = Five-times up and down test.  FTS = Floor 
to Stand.  KTS = Kneel to Stand. 
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Table 21 Comparison of Pretest Data:  Endurance Test 










%/Mean (SD) p 
     



















Table 22 Comparison of Pretest Data:  Strength Tests 
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Note. * = p < .05. Standard deviations appear in parentheses below means.  BW = Body weight. 
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APPENDIX H.  POSTTEST DATA  
 
Table 23 Comparison of Posttest Data:  Participant Characteristics 














     











Table 24 Comparison of Posttest Data:  Instruments 





























Note. Standard deviations appear in parentheses below means. PASE = Physical Scale Activity 




Table 25 Comparison of Posttest Data:  Balance Tests  














     











10.51 (1.85) .437 































































Note. Standard deviations appear in parentheses below means.  BBS = Berg Balance Scale.  FRT 
= Functional Reach Test.  TUG = Timed Up and Go Test.  MSL = Maximum step length.  Ant = 




Table 26 Comparison of Posttest Data:  Divided-attention Performance 
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Note. * = p < .05, ** p = < .01, ***= p <.001. Standard deviations appear in parentheses below 
means. DT = Dual-task.  TUG = Time Up and Go. 
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Table 27 Comparison of Posttest Data:  Functional Task Performance:  Efficiency Related to 
Time 
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Efficiency Func Sec Comp 
Minus 360 & 8 Foot Taps  
    














Note.  Standard deviations appear in parentheses below means.  WBT = Walk Backward Test.  
5 x STS = Five-times Sit-to-Stand test.  5 x ↑↓ = Five-times up and down test.  FTS = Floor to 
Stand.  KTS = Kneel to Stand.
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Table 28 Comparison of Posttest Data:  Functional Task Performance:  Efficiency Related to 
Rate of Perceived Exertion 
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Efficiency Composites     


















Note. Standard deviations appear in parentheses below means.  BBS = Berg Balance Score. 
WBT = Walk Backward Test.  5 x STS = Five-times Sit-to-Stand test.  FRT = Functional Reach 
Test. TUG = Timed Up and Go. 5 x ↑↓ = Five-times up and down test.  FTS = Floor to Stand.  
KTS = Kneel to Stand. 6MWT = Six Minute Walk Test. 
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Table 29 Comparison of Posttest Data:  Functional Task Performance:  Efficiency Related to 
Movement Strategies 














     
























































































































Note. Standard deviations appear in parentheses below means. Level of assistance required. 0 = 
none, 1 = Use of one upper extremity, 2 = Use of two upper extremities.  5 x STS = Five-times 
Sit-to-Stand test.  TUG = Timed Up and Go. 5 x ↑↓ = Five-times up and down test.  FTS = Floor 



















     














Note. Standard deviations appear in parentheses below means. 6MWT = Six Minute Walk Test. 
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Table 31 Comparison of Posttest Data:  Strength Tests 
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Note. ** p = < .01. Standard deviations appear in parentheses below means. 
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APPENDIX I.  PRETEST AND POSTTEST GROUP EFFECTS 
  
Table 32 Participant Characteristics Pre-post Tests Group Effects (ANOVA) 
Participants Characteristics 
F (p) 
Model Stats Main Effects of 
Treatment Group 
   







Table 33 Instruments Pre-post Tests Group Effects (ANOVA) 
Instruments 
F (p) 
Model Stats Main Effects of 
Treatment Group 















Table 34 Balance Tests Pre-post Tests Group Effects (ANOVA) 
Balance Tests 
F (p) 














































Note. * = p < .05. BBS = Berg Balance Scale.  FRT = Functional Reach Test.  TUG = Timed Up 
and Go Test.  MSL = Maximum step length.  Ant = anterior.  Lat = lateral.  Post = posterior.  
Avg. = average.  ABC scale = Activities-specific Balance Confidence scale.
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Table 35 Divided-attention Performance Pre-post Tests Group Effects (ANOVA) 
Divided-Attention Performance 
F (p) 
Model Stats Main Effects of 
Treatment Group 
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Note. * = p < .05, **= p < .01, *** = p < .001.  
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Table 36 Functional Task Performance:  Efficiency Related to Time Pre-post Tests Group 
Effects (ANOVA) 
Efficiency Related to Time 
F (p) 
Model Stats Main Effects of 
Treatment Group 






























Efficiency Func Sec Comp   








Efficiency Func Sec Comp Minus 360 & 8 Foot 
Taps 
  








Note.  WBT = Walk Backward Test.  5 x STS = Five-times Sit-to-Stand test.  5 x ↑↓ = Five-
times up and down test.  FTS = Floor to Stand.  KTS = Kneel to Stand.
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Table 37 Functional Task Performance:  Efficiency Related to RPE Pre-post Tests Group Effects 
(ANOVA) 
Efficiency Related to RPE 
F (p) 
Model Stats Main Effects of 
Treatment Group 
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Efficiency Composites   








Note.  BBS = Berg Balance Score  WBT = Walk Backward Test.  5 x STS = Five-times Sit-to-
Stand test.  FRT = Functional Reach Test. TUG = Timed Up and Go. 5 x ↑↓ = Five-times up and 
down test.  FTS = Floor to Stand.  KTS = Kneel to Stand. 6MWT = 6 Min Walk Test. 
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Table 38 Functional Task Performance:  Efficiency Related to Movement Pre-post Tests Group 
Effects (ANOVA) 
Efficiency Related to Movement 
F (p) 
Model Stats Main Effects of 
Treatment Group 
   
























Note.  Level of assistance required. 0 = none, 1 = Use of one upper extremity, 2 = Use of two 
upper extremities.  5 x STS = Five-times Sit-to-Stand test.  TUG = Timed Up and Go. 5 x ↑↓ = 
Five-times up and down test.  FTS = Floor to Stand.  KTS = Kneel to Stand. 
 
Table 39 Endurance Test Pre-post Tests Treatment Group Effects (ANOVA) 
Endurance Test 
F (p) 
Model Stats Main Effects of 
Treatment Group 
   












Table 40 Strength Pre-post Tests Group Effects (ANOVA) 
Strength Peak % BW 
F (p) 
Model Stats Main Effects of 
Treatment Group 
   
Dorsiflexion 108.43 11.639 
 (.000) (.002**) 
Plantarflexion 10.61 0.121 
 (.000) (.731) 
Hip   
Abduction 74.12 0.556 
  (.000) (.462) 
Extension 29.46 0.749 
 (.000) (.394) 
Knee   
Flexion 17.71 4.357 
 (.000) (.046*) 
Extension 26.99 0.344 
 (.000) (.562) 
HUMAC   
Dorsiflexion 6.56 0.029 
 (.005) (.865) 
Plantarflexion 12.33 0.868 
 (.000) (.360) 
Hip   
Extension 45.90 1.170 
 (.000) (.289) 
Flexion 16.34 0.043 
 (.000) (.837) 
Abduction 8.69 0.480 
 (.001) (.495) 
Adduction 13.77 0.380 
 (.000) (.543) 
Knee 39.73 0.586 
Flexion (.000) (.451) 
Extension 21.49 2.837 
 (.000) (.104) 
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APPENDIX J.  REGRESSION ANALYSIS 
 
 
Table 41 Participant Characteristics Regression Analysis 
Participant Characteristics 
Model Stats  BS vs. Step 
Adj R2 F (p)  Unstd B (p) 
     






Table 42 Instruments Regression Analysis 
Instruments 
Model Stats  BS vs. Step 
Adj R2 F (p)  Unstd B (p) 
     








Note.  PASE = Physical Scale Activity for the Elderly. VAPS = Visual Analog Pain Scale. 
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Table 43 Balance Tests Regression Analysis 
Balance Tests 
 Model Stats  BS vs. Step 
 Adj R2 F (p)  Unstd B (p) 
      








BBS score  0.313 7.61 
(.002) 
 - 0.047 
(.883) 
FRT (in)  0.468 13.77 
(.000) 
 - 0.153 
(.786) 
FRT (cm)  0.468 13.77 
(.000) 
 - 0.389 
(.786) 
TUG (s)  0.608 23.45 
(.000) 
 - 0.580 
(.036*) 




























Note. * = p < .05. Diff. = Difference.  BBS = Berg Balance Scale.  FRT = Functional Reach 
Test.  TUG = Timed Up and Go Test.  MSL = Maximum step length.  Ant = anterior.  Lat = 




Table 44 Divided-Attention Performance Regression Analysis 
Divided-Attention 
Performance 
 Model Stats  BS vs. Step 
 Adj R2 F (p)  Unstd B (p) 
      




DATSAT      
Time 1 (s)   0.652 28.21 
(.000) 
 - 12.275 
(.000***) 
Time 2 (s)  0.540 18.01 
.000) 
 - 10.045 
(.001***) 
Time 3 (s)  0.626 25.22 
(.000) 
 - 8.787 
(.001***) 
Average Time (s)  0.663 29.49 
(.000) 
 - 10.174 
(.000***) 
Accuracy Errors 1  0.250 5.83 
(.008) 
 - 1.320 
(.027*) 
Accuracy Errors 2  0.491 14.99 
(.000) 
 - 1.383 
(.001***) 
Accuracy Errors 3  0.314 7.64 
(.002) 
 - 1.674 
(.008**) 




Movement Errors 1   -0.006 0.92 
(.411) 
 - 0.549 
(.375) 
Movement Errors 2  -0.015 0.79 
(.465) 
 - 1.184 
(.779) 
Movement Errors 3  0.019 1.28 
(.295) 
 - 0.051 
(.919) 
Avg. Movement Errors  0.051 1.78 
(.188) 








Note. * = p < .05, **= p < .01; *** = p < .001. 
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Table 45 Functional Task Performance: Efficiency Related to Time Regression Analysis 
Efficiency Related to Time 
 Model Stats  BS vs. Step 
 Adj R2 F (p) 
 
Unstd B (p) 
Time 
     




























Efficiency Func Sec Comp     








Efficiency Func Sec Comp 
Minus 360 & 8 Foot Taps  
    








Note.  WBT = Walk Backward Test.  5 x STS = Five-times Sit-to-Stand test.  5 x ↑↓ = Five-




Table 46 Functional Task Performance: Efficiency Related to RPE Regression Analysis 
Efficiency Related to RPE 
 Model Stats  BS vs. Step 
 Adj R2 F (p)  Unstd B (p) 
RPE 
     




















5x ↑↓      
















 Functional Composites      








Efficiency Composites      








Note.  BBS = Berg Balance Score.  WBT = Walk Backward Test.  5 x STS = Five-times Sit-to-
Stand test.  FRT = Functional Reach Test. TUG = Timed Up and Go. 5 x ↑↓ = Five-times up and 
down test.  FTS = Floor to Stand.  KTS = Kneel to Stand. 6MWT = 6 Minute Walk Test. 
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Table 47 Functional Task Performance: Efficiency Related to Movement Strategies Regression 
Analysis 
Efficiency Related to 
Movement Strategies 
 Model Stats  BS vs. Step 
 Adj R2 F (p)  Unstd B (p) 
      








  - -  0.080 
(.957) 




  - -  35.902 
(.997) 




  - -  1.922 
(.141) 
FTS Chair  0.229 5.30 
(.011) 
 - 0.067 
(.742) 




Note.  Level of assistance required. 0 = none, 1 = Use of one upper extremity, 2 = Use of two 
upper extremities.  5 x STS = Five-times Sit-to-Stand test.  TUG = Timed Up and Go. 5 x ↑↓ = 




Table 48 Endurance Test Regression Analysis 
Endurance Test 
 Model Stats  BS vs. Step 
 Adj R2 F (p)  Unstd B (p) 
      








Note.  6MWT = Six Minute Walk Test. 
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Table 49 Strength Test Regression Analysis 
Strength Peak % BW 
 Model Stats  BS vs. Step 
 Adj R2 F (p)  Unstd B (p) 
      
Dorsiflexion  0.881 108.43 
(.000) 
 - 4.334 
(.002**) 
Plantarflexion  0.399 10.61 
(.000) 
 - 1.594 
(.731) 
Hip      
Abduction  0.835 74.12 
(.000) 
 - 1.165 
(.462) 
Extension  0.662 29.46 
(.000) 
 - 2.094 
(.394) 
Knee      
Flexion  0.535 17.71 
(.000) 
 - 4.530 
(.046*) 
Extension  0.642 26.99 
(.000) 
 - 1.564 
(.562) 
HUMAC      
Dorsiflexion  0.277 6.56 
(.005) 
 - 0.096 
(.865) 
Plantarflexion  0.439 12.33 
(.000) 
 - 1.333 
(.360) 
Hip      
Extension  0.756 45.90 
(.000) 
 - 4.277 
(.289) 
Flexion  0.514 16.34 
(.000) 
 - 0.555 
(.837) 




Adduction   0.468 13.77 
(.000) 
 - 2.281 
(.543) 
Knee      












APPENDIX K.  PRETEST & POSTTEST DATA MULTIPLE T-TESTS 
 
Table 50 Comparison of Pretest to Posttest Data:  Participant Characteristics 
Participant 
Characteristics 
 Stepping Group  Bike and Strength Group 
 
Pretest Posttest p  Pretest Posttest p 
         











Note.  Standard deviations appear in parentheses below means. 
 
 
Table 51 Comparison of Pretest to Posttest Data:  Instruments 
Instruments 
 Stepping Group  Bike and Strength Group 
 
Pretest Posttest p  Pretest Posttest p 


















Note.  Standard deviations appear in parentheses below means. PASE = Physical Scale Activity 
for the Elderly. VAPS = Visual Analog Pain Scale.
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Table 52 Comparison of Pretest to Posttest Data:  Balance Tests 
Balance Tests 
 Stepping Group  Bike and Strength Group 
 
Pretest Posttest p  Pretest Posttest p 
         



































































































Note. * = p < .05, **= p < .01, *** = p < .001. Standard deviations appear in parentheses below 
means.  Diff. = Difference.  BBS = Berg Balance Scale.  FRT = Functional Reach Test.  TUG = 
Timed Up and Go test.  MSL = Maximum step length.  Ant = anterior.  Lat = lateral.  Post = 
posterior.  Avg. = average.  ABC scale = Activities-specific Balance Confidence scale. 
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Table 53 Comparison of Pretest to Posttest Data:  Divided-attention Performance 
Divided-Attention 
Performance 
 Stepping Group  Bike and Strength Group 
 
Pretest Posttest p 
 
Pretest Posttest p 
         









DATSAT         



























































































































Note. * = p < .05, **= p < .01, *** = p < .001. Standard deviations appear in parentheses below 




Table 54 Comparison of Pretest to Posttest Data:  Functional Task Performance:  Efficiency 
Related to Time 
Efficiency Related to 
Time 
 Stepping Group  Bike and Strength Group 
 
Pretest Posttest p 
 
Pretest Posttest p 
Time         

































































Efficiency Func Sec 
Comp 
        


















Efficiency Func Sec 
Comp Minus 360 & 8 
Foot Taps  
        









Mean efficiency (s)  5.85 
(1.28) 





Note. * = p < .05, **= p < .01, *** = p < .001. Standard deviations appear in parentheses below 
means.  WBT = Walk Backward Test.  5 x STS = Five-times Sit-to-Stand test.  5 x ↑↓ = Five-





Table 55 Comparison of Pretest to Posttest Data:  Functional Task Performance:  Efficiency 
Related to Rate of Perceived Exertion 
Efficiency Related to 
Rate of Perceived 
Exertion 
 Stepping Group  Bike and Strength Group 
 
Pretest Posttest p 
 
Pretest Posttest p 
RPE 
        










































































































































Note. * = p < .05, **= p < .01, *** = p < .001. Standard deviations appear in parentheses below 
means.  BBS = Berg Balance Score  WBT = Walk Backward Test.  5 x STS = Five-times Sit-to-
Stand test.  FRT = Functional Reach Test. TUG = Timed Up and Go. 5 x ↑↓ = Five-times up and 
down test.  FTS = Floor to Stand.  KTS = Kneel to Stand. 6MWT = 6 Minute Walk Test. 
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Table 56 Comparison of Pretest to Posttest Data:  Functional Task Performance:  Efficiency 
Related to Movement Strategies 
Efficiency Related to 
Movement Strategies 
 Stepping Group  Bike and Strength Group 
 
Pretest Posttest p 
 
Pretest Posttest p 
         







































































































































Note.  Standard deviations appear in parentheses below means. Level of assistance required. 0 = 
none, 1 = Use of one upper extremity, 2 = Use of two upper extremities.  5 x STS = Five-times 
Sit-to-Stand test.  TUG = Timed Up and Go. 5 x ↑↓ = Five-times up and down test.  FTS = Floor 




Table 57 Comparison of Pretest to Posttest Data:  Endurance Test 
Endurance Test 
 Stepping Group  Bike and Strength Group 
 
Pretest Posttest p 
 
Pretest Posttest p 
         


















Note.  Standard deviations appear in parentheses below means. 6MWT = Six Minute Walk Test.
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Table 58 Comparison of Pretest to Posttest Data:  Strength Testing 
Strength Peak % BW 
 Stepping Group  Bike and Strength Group 
 
Pretest Posttest p 
 
Pretest Posttest p 
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Note. * = p < .05, *** = p < .001. 
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APPENDIX L.  RATE OF PERCEIVED EXERTION STATISTICAL ANALYSIS AND 
TRAINING DATA 
 
Rate of perceived exertion measures were collected three times a week for six weeks for 
a total of 18 repeated measures and were assessed in full using general linear model (GLM) 
repeated measures.  Repeated measures analysis was also conducted on the average score per 
week for a total of six repeated measures.  The repeated measures analysis tested the effects of 



























1/1 14 9.8571 2.14322 15 8.7333 1.86956 1.508 .143 
1/2 15 9.6667 2.55417 15 9.1333 1.84649 0.655 .518 
1/3 15 9.2667 1.79151 15 9.2667 1.66762 0.000 1.000 
2/1 15 9.7333 2.43389 15 9.1333 1.50555 0.812 .424 
2/2 15 9.7333 2.37447 15 8.7333 1.53375 1.370 .182 
2/3 15 9.5333 2.16685 15 8.9333 1.75119 0.834 .411 
3/1 15 9.2667 2.40436 15 9.0000 1.60357 0.357 .723 
3/2 15 9.6000 2.35433 15 8.8000 1.69874 1.067 .295 
3/3 15 9.3333 2.05866 15 8.5333 1.84649 1.120 .272 
4/1 15 9.6667 2.43975 15 8.6667 1.58864 1.330 .194 
4/2 15 9.5333 2.64215 15 8.4667 1.80739 1.291 .207 
4/3 15 9.1333 2.19957 15 8.3333 1.67616 1.120 .272 
5/1 15 9.3333 2.41030 15 8.2000 1.82052 1.453 .157 
5/2 15 9.2000 2.1119 15 8.2667 1.79151 1.306 .202 
5/3 15 9.0667 2.18654 15 8.3333 1.91485 0.977 .337 
6/1 15 8.8000 2.04241 15 8.4000 1.95667 0.548 .588 
6/2 15 9.0067 1.90738 15 8.3333 1.91485 1.051 .302 
6/3 14 8.2857 1.72888 15 8.2000 1.93465 0.125 .901 
Week by 
Week 
       
 
1 15 9.6444 2.05661 15 9.0444 1.63720 0.884 .384 
2 15 9.6667 2.22539 15 8.9333 1.54406 1.049 .303 
3 15 9.4000 2.18654 15 8.7778 1.68874 0.872 .390 
4 15 9.4444 2.25257 15 8.4889 1.63720 1.329 .195 
5 15 9.2000 2.20677 15 8.2667 1.81353 0.327 .216 
6 15 8.8111 1.89911 15 8.3111 1.92505 0.716 .480 
Total         


























1/1 14 11.5714 2.44050 15 8.7333 1.86956 3.530 .002** 
1/2 15 11.4667 2.23180 15 9.1333 1.84649 3.120 .004** 
1/3 15 11.8000 2.04241 15 9.2667 1.66762 3.721 .001*** 
2/1 15 11.0000 2.53546 15 9.1333 1.50555 2.452 .021* 
2/2 15 11.0667 2.63131 15 8.7333 1.53375 2.967 .006** 
2/3 15 11.2000 2.27408 15 8.9333 1.75119 3.059 .005** 
3/1 15 11.7333 2.46306 15 9.0000 1.60357 3.602 .001*** 
3/2 15 11.6000 2.16465 15 8.8000 1.69874 3.941 .000*** 
3/3 15 11.1333 2.23180 15 8.5333 1.84649 3.476 .002** 
4/1 15 11.2667 1.98086 15 8.6667 1.58865 3.966 .000*** 
4/2 15 10.9333 2.37447 15 8.4667 1.80739 3.201 .003** 
4/3 15 10.5333 2.44560 15 8.3333 1.67616 2.874 .008** 
5/1 15 11.6667 2.28869 15 8.2000 1.82052 4.591 .000*** 
5/2 15 10.9333 2.54858 15 8.2667 1.79151 3.315 .003** 
5/3 15 11.1333 2.44560 15 8.3333 1.91485 3.491 .002** 
6/1 15 11.1333 2.23180 15 8.4000 1.95667 3.567 .001*** 
6/2 15 10.3333 2.41030 15 8.3333 1.91485 2.516 .018* 
6/3 15 10.8000 2.11119 15 8.2000 1.93465 3.517 .002** 
Week by 
Week 
       
 
1 15 11.6222 1.94719 15 9.0444 1.63720 3.924 .001*** 
2 15 11.0880 2.32811 15 8.9333 1.54406 2.988 .006** 
3 15 11.4889 2.23204 15 8.7778 1.68874 3.752 .001*** 
4 15 10.9111 2.23204 15 8.4889 1.63720 3.513 .002** 
5 15 11.2444 2.25539 15 8.2667 1.81353 3.985 .000*** 
6 15 10.7556 2.11745 15 8.3111 1.92505 3.308 .003** 
Total         
- 15 11.1800 2.05607 15 8.6370 1.60575 3.775 .001*** 
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